09) 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




01) 



EP 0 805 386 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) IntCI G06F 1/30 




05.11.1997 Bulletin 1997/45 


(21) 


Application number: 97302457.3 




(22) 


Date of filing: 10.04.1997 




(84) 


Designated Contracting States: 


* Clark, Michael William 




DE FR GB 


Hillsborough, North Carolina (US) 






• Heaney, James Alfred * 


(30) 


Priority: 29.04.1996 US 639638 


Durham, North Carolina 27713 (US) 






• Norris, Duane Edward 


(71) 


Applicant: INTERNATIONAL BUSINESS 


Raleigh, North Carolina 27613 (US) 




MACHINES CORPORATION 




Armonk, NY 10504 (US) 


(74) Representative: Zerbi, Guido Maria 






Intellectual Property Department, 


(72) 


Inventors: 


IBM United Kingdom Ltd., 


• 


Benson IV, Paul Harrison 


Hurs ley Park 




Raleigh, North Carolina 27613 (US) 


Winchester, Hampshire S021 2JN (GB) 



CO 
00 
CO 

lO 

o 

00 

o 

CL 
LU 



(54) 



Suspend induced by AC power disturbance 



(57) Disclosed is a personal computer system which 
includes a central* processing unit (CPU) and power 
management circuitry (PMC) in circuit communication 
with the CPU. A power supply is in circuit communica- 
tion with the CPU and the PMC and includes circuitry 
for selectively providing system power to the computer 
system and auxiliary power to the PMC (1) from an ex- 
ternal source or (2) from an internal source. When the 
system is in a normal operating state and the external 
source stops providing power at a predetermined level 
(e.g., brownout or blackout) to the power supply, the 
power supply is operative to generate a control signal 
to the PMC and switch to its internal power source. The 
power management circuitry is characterized in that 
while in the normal operating state, responsive to the 
power supply activating the control signal, the PMC 
causes the computer system to change to the suspend 
state wherein the entire state of the system is safely 
saved to a non-volatile storage device. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to personal 
computer systems and, more specifically, to a personal 
computer system having power management circuitry 
and a power supply which are operative to save the state 
of the computer system to a non-volatile storage device 
(suspend) when an AC power disturbance occurs while 
the computer system is in a normal operating state or a 
standby state. 

Description of Related Art 

Personal computer systems are well known in the 
art. Personal computer systems in general, and IBM 
Personal Computers in particular, have attained wide- 
spread use for providing computer power to many seg- 
ments of today's modern society. Personal computers 
can typically be defined as a desktop, floor standing, or 
portable microcomputer that is comprised of a system 
unit having a single central processing unit (CPU) and 
associated volatile and non-volatile memory, including 
all RAM and BIOS ROM, a system monitor, a keyboard, 
one or more flexible diskette drives, a fixed disk storage 
drive (also known as a "hard drive"), a so-called "mouse" 
pointing device, and an optional printer. One of the dis- 
tinguishing characteristics of these systems is the use 
of a motherboard or system planar to electrically con- 
nect these components together. These systems are 
designed primarily to give independent computing pow- 
er to a single user and are inexpensively priced for pur- 
chase by individuals or small businesses. Examples of 
such personal computer systems are IBM's Personal 
Computer AT and IBM's Aptiva. 

Personal computer systems are typically used to 
run software to perform such diverse activities as word 
processing, manipulation of data via spread-sheets, col- 
lection and relation of data in databases, displays of 
graphics, design of electrical or mechanical systems us- 
ing system-design software, etc. 

The following patents or patent applications are be- 
lieved to be related to the present invention: 

5,513,359 entitled "DESKTOP COMPUTER HAV- 
ING A SINGLE SWITCH SUSPEND/RESUME 
FUNCTION"; 

5,511,202 entitled "DESKTOP COMPUTER SYS- 
TEM HAVING ZERO VOLT SYSTEM SUSPEND"; 

5,497,494 entitled "METHOD OF SAVING AND RE- 
STORING THE STATE OF A CPU EXECUTING 
CODE IN A PROTECTED MODE"; 



5,548,763 entitled "DESKTOP COMPUTER SYS- 
TEM HAVING MULTI-LEVEL POWER MANAGE- 
MENT"; 

5 US-A-08/302,147 entitled "MULTIFUNCTION 
POWER SWITCH AND FEEDBACK LED FOR 
SUSPEND SYSTEMS"; 

5,530,879 entitled "POWER MANAGEMENT 
io PROCESSOR FOR SUSPEND SYSTEMS"; 

5,511,204 entitled "PERFORMING SYSTEM 
TASKS AT POWER-OFF USING SYSTEM MAN- 
AGEMENT INTERRUPT"; 

15 

5,603,038 entitled "AUTOMATIC RESTORATION 
OF USER OPTIONS AFTER POWER LOSS"; 

5,560,023 entitled "AUTOMATIC BACKUP SYS- 
20 TEM FOR ADVANCED POWER MANAGEMENT 
(APM)"; 

US-A-08/639,639 entitled "SWITCH PRESS SUS- 
PEND INDUCED BY AC POWER DISTUR- 
BS BANCE". 

The first four related applications disclose a com- 
puter system having four power management states: a 
normal operating state, a standby state, a suspend 
30 state, and an off state. One switch is used to change 
between the off state, the normal operating state, and 
the suspend state. 

The normal operating state of the computer system 
of the present invention is virtually identical to the normal 
35 operating state of any typical desktop computer. Users 
may use applications and basically treat the computer 
as any other. One difference is the presence of a power 
management driver, which runs in the background (in 
the BIOS and the operating system), transparent to the 
40 user. The portion of the power management driver in the 
operating system (OS) is the Advanced Power Manage- 
ment (APM) advanced programming interface written by 
Intel and Microsoft, which is now present in most oper- 
ating systems written to operate on Intel's 80X86 family 
45 of processors. The portion of the power management 
driver in BIOS (APM BIOS) communicates with the APM 
OS driver. The APM OS driver and the APM BIOS rou- 
tines together control the computer's transition to and 
from the other three states. 
50 The second state, the standby state, uses less pow- 
er than the normal operating state, yet leaves any ap- 
plications executing as they would otherwise execute. 
In general, power is conserved in the standby state by 
placing devices in their respective low-power modes. 
55 For example, power is conserved in the standby state 
by ceasing the revolutions of the fixed disk within the 
hard drive and by ceasing generating the video signal. 
The third state is the suspend state. In the suspend 
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state, computer system consumes an extremely small 
amount of power. The suspended computer consumes 
very little power from the wall outlet. The only power con- 
sumed is a small amount ot power to maintain the cir- 
cuitry that monitors the switch from a battery inside the 5 
computer system (when the system is not receiving AC 
power) or a small amount of power generated at an aux- 
iliary power line by the power supply (when the system 
is receiving AC power). 

This small use of power is accomplished by saving 10 
the state of the computer system to the fixed disk stor- 
age device (the hard drive) before the power supply is 
turned "off." To enter the suspend state, the computer 
system interrupts any executing code and transfers con- 
trol of the computer to the power management driver. 15 
The power management driver ascertains the state of 
the computer system and writes the state of the compu- 
ter system to the fixed disk storage device. The state of 
the CPU registers, the CPU cache, the system memory, 
the system cache, the video registers, the video mem- 20 
ory, and the other devices' registers are all written to the 
fixed disk. The entire state of the system is saved in such 
a way that it can be restored without the code applica- 
tions being adversely affected by the interruption. The 
computer then writes data to the non-volatile CMOS 25 
memory indicating that the system was suspended. 
Lastly, the computer causes the power supply to stop 
producing power. The entire state of the computer is 
safely saved to the fixed disk storage device, system 
power is now "off," and computer is now only receiving 30 
a small amount of regulated power from the power sup- 
ply to power the circuitry that monitors the switch. 

The fourth and final state is the off state. In this 
state, the power supply ceases providing regulated 
power to the computer system, but the state of the com- 35 
puter system has not been saved to the fixed disk. The 
off state is virtually identical to typical desktop comput- 
ers being turned off in the usual manner. 

Switching from state to state is handled by the pow- 
er management driver and is typically based on closure 40 
events of a single switch, a flag, and two timers: the in- 
activity standby timer and the inactivity suspend timer. 
The system has a single power button. This button can 
be used to turn on the computer system, suspend the 
state of the systenv restore the state of the system, and 45 
turn off the system. 

Power disturbances or outages can occur at any 
time and can rarely be predicted. Data in a personal 
computer system which is not backed up to a non-vola- 
tile storage medium, will be lost in the event of such a so 
power disturbance. Power disturbances or outages that 
are less than one second can cause a personal compu- 
ter to lose data. One solution is an uninterruptable power 
supply (UPS). A UPS can be used to sustain power to 
personal computers, servers or mainframes when pow- ss 
er from the wall outlet is disturbed or lost allowing the 
computer system to remain in its normal operating state 
without interruption to the user. However, there is a time 



limit as to how long the UPS can provide power to the 
computer system. Consequently, if the power distur- 
bance lasts longer than the amount of time that the UPS 
can supply power (i.e., when the UPS's stored charge 
expires), the computer system will lose power and the 
data and applications currently being used, displayed, 
etc. will be lost. Moreover, uninterruptable power sup- 
plies are very expensive and are typically used by cor- 
porate users. In addition, the longer that the UPS can 
supply power, the higher the price of the UPS. Thus, few 
small business and home users can afford an UPS and 
are therefore more likely to lose data during a power dis- 
turbance or outage. 

It is therefore desirable to provide a reliable and in- 
expensive system for retaining data in the event of an 
AC power disturbance which can be integrated into per- 
sonal computer systems having power management (e. 
g., suspend/resume) features. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
technique which alleviates the above drawbacks. 

According to the present invention we provide a 
computer system capable of operating in at least two 
states of power management, namely a normal operat- 
ing state in which code is executed normally by said 
computer system and a suspend state, the system com- 
prising: a CPU capable of executing said code; power 
management circuitry in circuit communication with said 
CPU for selectively changing the state of said computer 
system between said normal operating state and said 
suspend state responsive to a control signal; a power 
supply in circuit communication with said CPU and said 
power management circuitry comprising circuitry for se- 
lectively providing system power from an external 
source to said computer system responsive to said pow- 
er management circuitry, characterized by having a first 
power supply state, a second power supply state and a 
third power supply state and further characterized by 
having circuitry for providing auxiliary power to said 
power management circuitry, said power supply further 
comprising circuitry for providing system power to said 
computer system and auxiliary power to said power 
management circuitry from an internal source, said pow- 
er supply being operative to generate said control signal 
to said power management circuitry when said system 
is in said normal operating state and said external 
source stops providing power at a predetermined level 
to said power supply, wherein said first power supply 
state is characterized by said power supply providing 
system power to said computer system from said exter- 
nal source and auxiliary power to said power manage- 
ment circuitry from said external source, wherein said 
second power supply state is characterized by said pow- 
er supply not providing system power to said computer 
system from said external source and said power supply 
providing auxiliary power to said power management 
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circuitry from said external source, wherein said third 
power supply state is characterized by said power sup- 
ply providing system power to said computer system 
and auxiliary power to said power management circuitry 
from said internal source, wherein said normal operating 
state is characterized in that said power supply is in said 
first power supply state; and wherein said suspend state 
is characterized by the code executing on the CPU be- 
ing reversibly interrupted such that the execution of the 
code on the CPU may be resumed after the power sup- 
ply changes to said first power supply state, and said 
power management circuitry being characterized in that 
while in said normal operating state, responsive to said 
power supply activating said control signal, said power 
management circuitry causes said computer system to 
change to said suspend state. 

Further according to the present invention we pro- 
vide a computer system capable of operating in at least 
two states of power management, namely a normal op- 
erating state in which code is executed normally by said 
computer system and a suspend state in which execu- 
tion of code by said computer system is interrupted, the 
system comprising: a CPU capable of executing said 
code; a power management circuitry in circuit commu- 
nication with said CPU for selectively changing the state 
of said computer system between said normal operating 
state and said suspend state in response to a control 
signal; a power supply in circuit communication with said 
CPU and said power management circuitry comprising 
circuitry for selectively providing system power from an 
external source to said computer system responsive to 
said power management circuitry, characterized by hav- 
ing circuitry for providing auxiliary power to said power 
management circuitry, said power supply further com- 
prising circuitry for providing system power to said com- 
puter system and auxiliary power to said power man- 
agement circuitry from an internal source, said power 
supply being operative to generate a control signal to 
said power management circuitry when said system is 
in said normal operating state and said external source 
stops providing power at a predetermined level to said 
power supply, a non -volatile storage device in circuit 
communication with said CPU, a volatile memory in cir- 
cuit communication with said CPU and for storing mem- 
ory data, volatile registers in circuit communication with 
said CPU and for storing register data said power man- 
agement circuitry being characterized in that while in 
said normal operating state ; responsive to said power 
supply activating said control signal, said power man- 
agement circuitry causes said computer system to 
change tosaid suspend state, wherein said change from 
said normal operating state to said suspend state com- 
prises transferring the memory data from said volatile 
memory to said non-volatile storage device and trans- 
ferring the register data from the volatile registers to said 
non-volatile storage device. 

The power supply used in the present invention 
need only have sufficient backup power to allow the 



computer system to perform the suspend routine re- 
gardless of how long the AC power disturbance lasts. 
Accordingly, the cost of such a power supply is substan- 
tially lower than the cost of a power supply which can 
5 supply power for the duration of the AC power distur- 
bance. In addition, computer systems which have the 
latter power supply suffer from the disadvantage that da- 
la will slill be lost once the power supply's stored charge 
expires while in the system of the present invention data 
is never lost since it is saved to the non-volatile storage 
device prior to the expiration of the backup power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a personal computer 
embodying this invention; 

FIG. 2 is an exploded perspective view of certain 
elements of the personal computer of FIG. 1 includ- 
ing a chassis, a cover, an electromechanical direct 
access storage device and a planar board and illus- 
trating certain relationships among those elements; 

FIGS 3A and 3B show a block diagram of certain 
components of the personal computer of FIGS. 1 
and 2: 

FIG. 4 is a state diagram of the computer system of 
the present invention, showing the four system 
states: normal, standby, suspend, and off; 

FIG. 5 is a block diagram showing the relevant por- 
tions of the power supply; 

FIG. 6 is a block diagram showing the relevant por- 
tions of another power supply in accordance with 
the present invention; 

FIG. 7 is an electrical schematic diagram of the 
power management circuitry of the present inven- 
tion, showing the various interfaces to other Fig- 
ures; 

FIG. 8 is a state diagram of one of the switch states 
maintained by the power management processor of 
the present invention; 

FIG . 9 is a flow chart showing the details of the Boot- 
Up Routine of the present invention; 

FIG. 10 is a flow chart showing the details of the 
Suspend Routine of the present invention. 

FIG. 11 is a flow chart showing the details of the SMI 
routine of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

While the present Invention will be described more 
fully hereinafter with reference to the accompanying 
drawings, in which a preferred embodiment of the s 
present invention is shown, it is to be understood at the 
outset of the description which follows that persons of 
skill in the appropriate arts may modify the invention 
here described while still achieving the favourable re- 
sults of this invention. Accordingly, the description which 
follows is to be understood as being a broad, teaching 
disclosure directed to persons of skill in the appropriate 
arts, and not as limiting upon the present invention. This 
application is written for those Very familiar with all as- 
pects of computer system design. 

Referring now more particularly to the accompany- 
ing drawings, a microcomputer system embodying the 
present invention is there shown and generally indicated 
at 10 (FIG. 1). As mentioned hereinabove, the computer 
10 may have an associated display monitor 11, key- 
board 1 2, mouse 1 3, and printer or plotter 1 4. The com- 
puter 10 has a cover 15 formed by a decorative outer 
member 16 (FIG. 2) and an inner shield member 18 
which cooperate with a chassis 19 in defining an en- 
closed, shielded volume for receiving electrically pow- 
ered data processing and storage components for 
processing and storing digital data. At least certain of 
these components are mounted on a multilayer planar 
20 or motherboard which is mounted on the chassis 1 9 
and provides a means for electrically interconnecting 
the components of the computer 10 including those 
identified above and such other associated elements as 
floppy disk drives, various forms of direct access stor- 
age devices, accessory adapter cards or boards, and 
the like. As pointed out more fully hereinafter, provisions 
are made in the planar 20 for the passage of input/output 
signals to and from the operating components of the mi- 
crocomputer. 

The system 1 0 has a power supply 1 7, a power but- 
ton 21 , also herein referred to as switch 21 , and a power/ 
feedback LED 23. Unlike in the usual power switch in a 
typical system, the switch 21 does not switch AC line 
power to and from the power supply 17, as will be ex- 
plained below. The chassis 1 9 has a base indicated at 
22, a front panel indicated at 24, and a rear panel indi- 
cated at 25 (FIG. 2). The front panel 24 defines at least 
one open bay (and in the form illustrated, four bays) lor 
receiving a data storage device such as a disk drive lor 
magnetic or optical disks, a tape backup drive, or the 
like. In the illustrated form, a pair of upper bays 26, 28 
and a pair of lower bays 29, 30 are provided. One of the 
upper bays 26 is adapted to receive peripheral drives of 
a first size (such as those known as 3.5 inch drives) 
while the other 28 is adapted to receive drives of a se- 
lected one of two sizes (such as 3.5 and 5.25 inch) and 
the lower bays are adapted to receive devices of only 
one size (3.5 inch). One floppy disk drive is indicated at 
27 in FIG. 1, and is a removable medium direct access 



storage device capable of receiving a diskette inserted 
thereinto and using the diskette to receive, store and 
deliver data as is generally known. One hard disk drive 
is indicated at 31 and is a tixed medium direct access 
storage device capable of storing and delivering data as 
is generally known. 

Prior to relating the above structure to the present 
invention, a summary of the operation in general of the 
personal computer system 10 may merit review. Refer- 
ring to FIGS. 3A and 3B, there is shown a block diagram 
of a personal computer system illustrating the various 
components of the computer system such as the system 
10 in accordance with the present invention, including 
components mounted on the planar 20 and the connec- 
tion of the planar to the I/O slots and other hardware of 
the personal computer system. Connected to the planar 
is the system processor 40, also herein CPU 40, com- 
prised of a microprocessor, which is connected by a high 
speed CPU local bus 42 through a memory control unit 
46, which is further connected to a volatile random ac- 
cess memory (RAM) 53. The memory control unit 46 is 
comprised of a memory controller 48, an address mul- 
tiplexer 50, and a data buffer 52. The memory control 
unit 46 is further connected to a random access memory 
53 as represented by the four RAM modules 54. The 
memory controller 48 includes the logic for mapping ad- 
dresses to and from the microprocessor 40 to particular 
areas of RAM 53. This logic is used to reclaim RAM pre- 
viously occupied by BIOS. Further generated by mem- 
ory controller 48 is a ROM select signal (ROMSEL), that 
is used to enable or disable ROM 88. 

While the present invention is described hereinafter 
with particular reference to the system block diagram of 
FIGS. 3A and 3B, it is to be understood at the outset of 
the description which follows that it is contemplated that 
the apparatus and methods in accordance with the 
present invention may be used with other hardware con- 
figurations of the planar board. For example, the system 
processor 40 could be an Intel Pentium processor, Cyrix 
586-P75 processor or Advanced Micro Devices 80486 
processor or any other microprocessor that has a sys- 
tem management interrupt (SMI). As used herein, ref- 
erence to an "SL" enhanced microprocessor generally 
intends such a microprocessor. 

Returning now to FIGS. 3A and 3B, the CPU local 
bus 42 (comprising data, address and control compo- 
nents, not shown) provides for the connection of the mi- 
croprocessor 40, a math coprocessor 44 (if not internal 
to the CPU 40), a video controller 56, a system cache 
memory 60, and a cache controller 62. The video con- 
troller 56 has associated with it a monitor (or video dis- 
play terminal) 11 and a video memory 58. Also coupled 
on the CPU local bus 42 is a buffer 64. The buffer 64 is 
itself connected to a slower speed (compared to the 
CPU local bus 42) system bus 66, also comprising ad- 
dress, data and control components. The system bus 
66 extends between the buffer 64 and a further buffer 
68. The system bus 66 Isf urther connected to a bus con- 
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trot and timing unit 70 and a DMA unit 71 . The DMA unit 
71 is comprised ot a central arbiter 82 and a DMA con- 
troller 72. An additional buffer 74 provides an interface 
between the system bus 66 and an optional feature bus 
such as the Industry Standard Architecture (ISA) bus 76. 
Connected to the bus 76 are a plurality of I/O slots 78 
for receiving ISA adapter cards (not shown). ISA adapt- 
er cards are pluggably connected to the I/O slots 78 and 
may provide additional I/O devices or memory for the 
system 10. 

An arbitration control bus 80 couples the DMA con- 
troller 72 and central arbiter 82 to the I/O slots 78, a dis- 
kette adapter 84, and an Integrated Drive Electronics 
(IDE) fixed disk controller 86. 

While the microcomputer system 10 is shown with 
a basic 4 megabyte RAM module 53, it is understood 
that additional memory can be interconnected as repre- 
sented in FIGS 3A and 3B by the addition of optional 
higher-density memory modules 54. For purposes of il- 
lustration only, the present invention is described with 
reference to the basic four megabyte memory module. 

A latch buffer 68 is coupled between the system bus 
66 and a planar I/O bus 90. The planar I/O bus 90 in- 
cludes address, data, and control components respec- 
tively. Coupled along the planar I/O bus 90 are a variety 
of I/O adapters and other components such as the dis- 
kette adapter 84, the IDE disk adapter 86, an interrupt 
controller 92, an RS-232 adapter 94, nonvolatile CMOS 
RAM 96, also herein referred to as NVRAM 96, a CMOS 
real-time clock (RTC) 98, a parallel adapter 100, a plu- 
rality of timers 102, the read only memory (ROM) 88, 
the B042 1 04, and the power management circuitry 1 06. 
The 8042 : shown at 104, is the slave processor that in- 
terfaces with the keyboard 12 and the mouse 13. The 
power management circuitry 106 is in circuit communi- 
cation with the power supply 1 7, the switch 21 , the pow- 
er/feedback LED 23, and an internal modem 900 and/ 
or an external modem 902. The external modem is typ- 
ically connected to a transformer 904, which is connect- 
ed to a typical wall outlet, as is known to those skilled in 
the art. The modems 900, 902 are connected to a typical 
telephone outlet. The power management circuitry 106 
is shown in FIG. 7 and is more fully described in the text 
accompanying FIG. 7. 

The read only memory 88 includes the BIOS that is 
used to interface between the I/O devices and the op- 
erating system of the microprocessor 40. BIOS stored 
in ROM 88 can be copied into RAM 53 to decrease the 
execution time of BIOS. ROM 88 is further responsive 
(via ROMSEL signal) to memory controller 48. If ROM 
88 is enabled by memory controller 48, BIOS is execut- 
ed out of ROM. If ROM 88 is disabled by memory con- 
troller 48, ROM is not responsive to address inquiries 
from the microprocessor 40 (i.e. BIOS is executed out 
of RAM). 

The real-time clock 98 is used for time of day cal- 
culations and the NVRAM 96 is used to store system 
configuration data. That is, the NVRAM 96 will contain 



values which describe the present configuration of the 
system. For example, NVRAM 96 contains information 
describing the capacity of a fixed disk or diskette, the 
type of display, the amount of memory, time, date, etc. 
s Furthermore, these data are stored in NVRAM whenev- 
er a special configuration program, such as SET Con- 
figuration, is executed. The purpose of the SET Config- 
uration program is to store values characterizing the 
configuration of the system to NVRAM. 
10 Nearly all of the above devices comprise volatile 
registers. To prevent the unnecessary cluttering of the 
drawings, the registers of a particular device will be ref- 
erenced to that device. For example, the CPU registers 
will be referred to as the CPU 40 registers and the video 
15 controller registers will be referenced as the video con- 
troller 56 registers. 

Referring nowto FIG. 4, a state diagram of the com- 
puter system of the present invention is shown. The 
computer system 10 of the present invention has four 
20 states: a normal operating state 150, a standby state 
1 52, a suspend state 1 54, and an off state 1 56. The tran- 
sitions between the states shown in Figure 4 are meant 
to be descriptive but not limiting. Consequently, addi- 
tional events may alternatively be used to cause state 
2S transitions. 

The normal operating state 1 50 of the system 10 is 
virtually identical to the normal operating state of any 
typical desktop computer. Users may use applications 
and basically treat the computer as any other. One dif- 
30 ference, transparent to the user, is the presence of a 
power management driver in the operating system (the 
"APM OS driver"), which runs in the background (in the 
BIOS and the operating system), and various APM BI- 
OS routines. The portion of the power management driv- 
es er in the operating system (OS) is the Advanced Power 
Management (APM) advanced programming interface 
written by Intel and Microsoft, which is now present in 
most operating systems written to operate on Intel's 
80X386 or higher family of processors. The portion of 
40 the power management driver in BIOS (APM BIOS) 
communicates with the APM OS driver. 

The APM BIOS routines relevant to the present in- 
vention are discussed in the text below and include the 
Suspend Routine and the Boot-Up Routine. Other APM 
45 BIOS routines such as the Resume Routine, the Super- 
visor Routine, the Save CPU State Routine, the Restore 
CPU State Routine and the APM BIOS Routing Routine 
are described more fully in the above-mentioned related 
applications. The power management driver in the OS 
50 and the APM BIOS routines control the computer's tran- 
sition between the four states. A reference to the word 
"APM" by itself generally is a reference to the APM OS 
driver, although the context may dictate otherwise. 
The second state, the standby state 152, uses less 
55 electrical power than the normal operating state 1 50, yet 
leaves any applications executing as they would other- 
wise execute. In general power is saved in the standby 
state 152 by the code placing devices into respective 
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low power modes. Electrical power can be conserved in 
the standby state 152 by ceasing the revolutions of the 
fixed disk (not shown) within the fixed disk storage de- 
vice 31, by ceasing generating the video signal, and by 
putting the CPU 40 in a low power mode, as will be more 5 
fully explained below. However, this is not intended to 
be limiting and other methods may be used to reduce 
power consumption, such as slowing or slopping the 
CPU clock or allowing other peripherals (modem, LAN 
cards) to enter a low power state. 10 

For example, electrical power can be conserved in 
three separate ways. First, in the normal operating state 
150, the fixed disk within the fixed disk storage device 
31 is constantly spinning at, e.g. , 3600, 4500, or 5400 
revolutions per minute (RPM). In the standby state 1 52, 15 
the IDE disk controller 86 is given the command to cause 
the fixed disk storage device 31 to enter a low-power 
mode (the fixed disk inside the fixed disk storage device 
31 ceases spinning), thereby conserving the power the 
motor (not shown) inside the fixed disk storage device 20 
31 typically consumes while spinning the fixed disk. 

Second, in the normal operating state 150 : the vid- 
eo controller 56 of the computer system constantly gen- 
erates a video signal (HSYNC, VSYNC, R, G, B, etc. as 
is well known in the art) corresponding to the image seen 25 
on the video display terminal 11. In the standby state 
1 52 the video controller 56 ceases generating the video 
signal, thereby conserving the electrical power normally 
consumed by the video controller 56; HSYNC, VSYNC, 
R, G, and B are all driven to approximately 0.00 VDC. 30 
Using a VESA (Video Electronics Standards Associa- 
tion) compliant monitor allows further power savings be- 
cause VESA compliant monitors turn themselves off 
when HSYNC and VSYNC are at approximately 0.00 

VDC. 35 

Note that some systems have "screen -savers," 
which cause the screen 11 to become dark to prevent 
phosphor burn-in of the front surface of the video display 
terminal. In most of such systems, the video controller 
56 is still generating a video signal; it is merely gener- 40 
ating a video signal corresponding to a dark screen or 
a dynamic display. Thus, a computer system executing 
a screen-saver still consumes the electrical power nec- 
essary to generate the video signal. 

Third, in the normal operating state 150, the CPU 45 
40 constantly executes commands, thereby consuming 
electrical power In the standby state 152 the BIOS is- 
sues a HALT instruction in response to the APM CPU 
Idle Call. Executing a HALT instruction significantly re- 
duces CPU power consumption until the next hardware so 
interrupt occurs. When truly idle, the CPU can remain 
halted more than 90% of the time. 

The third state is the suspend state 154. In the sus- 
pend state 154, computer system consumes an ex- 
tremely small amount of electrical power. The suspend- 55 
ed computer consumes less than 100 milliwatts of elec- 
trical power. The only power consumed is the small 
amount of power generated at an auxiliary power line 



by the power supply (when the system is receiving AC 
power) to monitor power on events. 

This small use of electrical power is accomplished 
by saving the state of the computer system to the fixed 
disk storage device (the hard drive) 31 prior to turning 
the power supply "off." To enter the suspend state 154, 
the CPU 40 interrupts any applications and transfers 
program execution control of the CPU to the BIOS in the 
power management driver. The BIOS ascertains the 
state of the computer system 10 and writes the entire 
state of the computer system to the fixed disk storage 
device 31 . The state of the CPU 40 registers, the CPU 
cache 41, the system RAM 53, the system cache 60, 
the video controller 56 registers, the video memory 56, 
and the remaining volatile registers are all written to the 
fixed disk drive 31. The entire state of the system 10 is 
saved in such a way that it can be restored without sig- 
nificant usability penalties. That is, the user need not 
wait for the system to load the operating system, and 
load the graphical user interface, and application pro- 
grams as it normally would. 

The computer then writes data to the non-volatile 
CMOS memory 96 indicating that the system was sus- 
pended. Lastly, the CPU 40 commands the microcon- 
troller (U2) to cause the power supply 1 7 to stop provid- 
ing regulated power to the system through the ±5 VDC 
and ±12 VDC lines. The computer system 10 is now 
powered down with the entire state of the computer 
safely saved to the fixed disk storage device 31 . System 
power is now "off," and the computer is now only receiv- 
ing a small amount of regulated power from the power 
supply (AUX5) (when the power supply is receiving AC 
power from the wall outlet) to power the circuitry that 
monitors the switch. As will be described in more detail 
below, after a power down imminent (PDI) suspend is 
performed, system power and auxiliary power are 
turned off. 

The fourth and final state is the off state 156. The 
off state 1 56 is virtually identical to any typical computer 
system that has been turned off in the usual manner 
(press on/off switch). In this state, the primary/regulation 
unit 172 of the power supply 17 ceases providing regu- 
lated power to the computer system 1 0, (with the excep- 
tion of a small amount of regulated power through 
AUX5, as will be more fully explained in the text accom- 
panying Figure 5) but the state of the computer system 
1 0 has not been saved to the fixed disk 31 . The suspend 
state 154 and the off state 156 are similar in that the 
power supply 17 no longer generates regulated power. 
They differ in that in the off state 1 56, the state of the 
computer system 10 is not saved to the hard drive 31 , 
as it is in the suspend state 154. Moreover, when leaving 
the off state 1 56, the computer 1 0 °boots n as if it is being 
turned on. That is, any executing code must be started 
either by the user or automatically by a means such as 
the AUTOEXEC.BAT file. However, when leaving the 
suspend state 1 54, the computer 1 0 resumes executing 
where it was when it was interrupted. 
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FIG. 4 also shows a general overview of the events 
that cause transitions between the four states. These 
events will be further explained in the text accompany- 
ing FIGS. 5, 6, 7 and 8; however, a cursory explanation 
may be helpful. The power button 21, three timers (an 
inactivity standby timer, an inactivity suspend timer and 
a minutes to wake timer), a Suspend Enable Flag (see 
FIGS. 7 and 8 and accompanying text) and a power 
down imminent (PDI) control signal all affect which state 
the computer enters. In general, the first two timers can 
be either hardware or CPU code timers, executing on 
the CPU as a program. They are both preferably CPU 
code timers, executing from the BIOS data segments. 
The timers are more fully explained in the above-men- 
tioned applications. 

The Suspend Enable Flag is a CPU-manipulable 
and readable latch within the NVRAM 96 which will be 
more fully explained in the text accompanying FIG. 10. 
In short, putting this bit in one mode causes a press of 
the switch 21 to place the system 10 into the off state 
156 and putting this bit into another mode causes a 
press of the switch 21 to place the system 10 into the 
suspend state 154. If the system 10 is in the normal op- 
erating state 150 and the power button 21 is pressed 
while the Suspend Enable Flag is CLEARed, then the 
system 10 enters the off state 156, as shown at 158. If 
the system 1 0 is in the off state 1 56 and the power button 
21 is pressed, then the system 10 enters the normal op- 
erating state 150, as shown at 160. In addition, several 
"external events," which are explained more fully below, 
can cause the system to transition from the off state 1 56 
to the normal operating state 150. 

If the computer system 10 is in the normal operating 
state 150, one event can cause the computer to enter 
the standby state 152: if the inactivity standby timer ex- 
pires, the computer system 10 will change to the stand- 
by state 152, as shown at 162. In the alternative, the 
system can provide a means, such as a dialog box, a 
switch, or other input device, for the user to force the 
system into the standby state immediately. While in the 
standby state 1 52, any system or user activity of the kind 
previously described, including the user pressing the 
power button 21, will cause the computer 10 to leave 
the standby state 1 52 and re-enter the normal operating 
state 150, as shown at 164. 

Pressing the power button 21 causes the system to 
change from the standby state 152 to the normal oper- 
ating state 150 to prevent user confusion. Even if idle, 
the CPU 40 will soon test whether the switch was 
pressed. Hardware interrupts remove the CPU 40 from 
the idle state approximately 20 times per second; there- 
after during the next APM Get Event, the microcontroller 
U2 is queried to determine whether the switch 21 was 
pressed. 

If the computer system 10 is in the normal operating 
state 150, three events can cause it to enter the suspend 
state 154. First, if the inactivity suspend timer expires, 
the computer system 10 will change to the suspend 



state 1 54, as shown at 1 66. Second, the user can cause 
the computer 10 to enter the suspend state 154 imme- 
diately by pressing the power button 21 while the Sus- 
pend Enable Flag written to NVRAM 96 is SET, also 
s shown at 166. In the alternative, additionally, the APM 
driver can issue a suspend request via a "Set Power 
State. Suspend" command, which causes the APM BI- 
OS driver to call the Suspend Routine. Third, if an AC 
power disturbance occurs and the Suspend Enable Flag 
10 j s set, the system 10 will enter the suspend state 154 
(described in more detail below). 

When the system 10 is in the suspend state 154, 
several events can cause it to enter the normal operat- 
ing state 1 50. The user can change the system 1 0 to the 
is normal operating state 1 50 by pressing the power button 
21, as shown at 168. If the system 10 entered the sus- 
pend state as a result of an AC power disturbance (PDI 
suspend), the system 10 can change to the normal op- 
erating state 150 when AC power at a predetermined 
level from the wall outlet returns, as shown at 168 and 
described in more detail below. 

In addition, several external events can be used to 
change the system 1 0 from the suspend state 1 54 to the 
normal operating state 150, at 168, or from the off state 
156 to the normal operating state 150, at 160. For ex- 
ample, a telephone ring detect circuit in the microcon- 
troller U2 in the circuitry of FIG. 7 is configured to cause 
the system 1 0 to leave the off state 1 56 or the suspend 
state 1 54 and enter the normal operating state 1 50 when 
an attached telephone line rings. Such a feature is use- 
ful for a system receiving telefax data or digital data. The 
system enters the normal operating state responsive to 
the telephone ring, performs the preset functions, such 
as accepting an incoming facsimile transmission, up- 
loading or downloading files, allowing remote access to 
the system, etc., and enters the suspend mode again 
responsive to the expiration of the Inactivity Suspend 
Timer, only consuming power while the system is in the 
normal operating state. 

Likewise the microcontroller U2 implements a min- 
utes to wake alarm counter, which allows an alarm-type 
event to cause the system 1 0 to leave the suspend state 
154 or the off state 156 and enter the normal operating 
state 1 50. Such a system is useful in sending telefax or 
digital data at a certain time of day to take advantage of 
lower telephone usage rates, and performing system 
maintenance functions, such as backing up the system 
hard drive 31 with a tape backup system. In the latter 
case, the minutes to wake alarm is set to turn the ma- 
chine on a fixed period of time before the scheduler 
causes the tape backup program to be executed. In the 
alternative, the APM BIOS scheduler can be used to 
cause the execution of the tape backup program. 

Lastly, if the system 10 is in the standby state 152 
and either (1) the inactivity suspend timer expires or (2) 
an AC power disturbance occurs and the Suspend En- 
able Flag is set, then the computer 10 changes to the 
suspend state 1 54 as shown at 1 70. The system 1 0 can- 
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not change back from the suspend state 154 to the 
standby state 152, but may only transition to the normal 
operating state 1 50 as described in the text accompa- 
nying transition 168. 

Obviously, the computer system 10 cannot instan- 5 
taneously change states. In each transition from one of 
the four states, a certain period of time will be required 
to make the necessary system changes. The details of 
each transition relevant to the present invention will be 
explained in the text accompanying FIGS, 5 through 10. 10 

Before discussing the details of the code executing 
on the CPU 40, it may be helpful first to discuss the hard- 
ware required to achieve the four states. A block dia- 
gram of one embodiment of the power supply of the 
present invention is shown in FIG. 5. The power supply is 
17 has two units: a control unit 174 and a primary/reg- 
ulation unit 172. Power supply 17 also contains internal 
energy (backup power storage) within the primary reg- 
ulation unit 172 which can maintain power to power sup- 
ply 17 for a predetermined length of time after an AC 20 
power disturbance (described in more detail below). The 
power supply 17 has several inputs: AC Line-In, which 
accepts either 115 VAC or 220 VAC from a typical wall 
outlet, and ON# which controls the regulation activity of 
the power supply 17. The power supply 17 has several 25 
outputs: an optional AC Line-Out, +5 VDC, ±12 VDC, 
AUX5, GND, POWERGOOD and Power Down Immi- 
nent (PDI). The AC Line-Out is 1 1 5 VAC that is typically 
passed to the electrical power input (not shown) of the 
video display terminal 1 1 . The control unit 1 74 accepts 30 
the ON# input and generates the POWERGOOD output. 
The primary/regulation unit 172 selectively regulates the 
1 1 5 VAC from the Line-In input down to ±5 VDC and ±1 2 
VDC. Whether the primary/regulation unit 1 72 regulates 
power at the ±5 VDC and ±12 VDC lines depends on 35 
the value of ON#, as interfaced by the control unit 174. 
It is preferred that the control unit 174 provide isolation 
for the circuitry generating the ON# signal using, for ex- 
ample, an appropriate optoisolator. 

The AC Line-In input and the AC Line-Out, ±5 VDC, 40 
±12 VDC, GND, and POWERGOOD outputs are well 
known in the art. When the power supply 17 is "off," that 
is, not providing regulated voltages from the Line-In, the 
POWERGOOD signal is a logical ZERO. When the pow- 
er supply 17 is "on," the power supply 17 generates the 45 
±5 VDC and ±12 VDC regulated voltages from the 
115VAC or 220VAC Line-In. These four regulated volt- 
ages and their associated GND are the "system power" 
as is commonly known in the art. When the regulated 
voltages attain levels within acceptable tolerances, the 50 
POWERGOOD signal changes to a logical ONE. When- 
ever either the +5 or +12 Volt lines fall out of tolerance, 
the POWERGOOD signal becomes a logical ZERO, 
thereby indicating this condition. 

The AUX5 output provides an auxiliary +5 VDC to ss 
the planar. When the power supply 17 is plugged into a 
typical wall outlet supplying a nominal 115 VAC, the pri- 
mary/regulation unit 172 provides regulated +5 VDC at 



AUX5, whether the power supply is "on" or "off." Thus, 
while receiving AC power from the wall outlet, the power 
supply 17 is always providing a nominal +5 VDC at 
AUX5. The AUX5 output differs from the +5 output in 
that the primary/regulation unit 172 only generates reg- 
ulated +5 VDC through the +5 output while the power 
supply 17 is "on." The AUX5 output further differs from 
the +5 output in that the primary/regulation unit 172 sup- 
plies several amps of current at +5 VDC through the +5 
output, while the primary/regulation unit 172 supplies 
less than an amp at +5 VDC though the AUX5 output. 

Typical prior power supplies use a high-amperage 
double-throw switch to connect and disconnect the Line- 
In input to and from the regulation section of the power 
supply. The power supply 17 does not use a high-am- 
perage double-throw switch. Rather, the switch 21 con- 
trols circuitry that generates the ON# signal. The switch 
21 is preferably a momentary single pole, single throw 
pushbutton switch; however, those skilled in the art 
could adapt the circuitry of FIG. 7 to make use of other 
types of switches such as a single-pole, double throw 
switch. The AC Line-In is always connected to the pri- 
mary/regulation unit 172from the wall outlet. When ON# 
is a logical ONE (approximately AUX5, nominally +5 
VDC), the primary/regulation unit 172 does not regulate 
the 1 15 VAC Line-In to ±5 VDC or ±12 VDC through the 
±5 or ±12 outputs. The primary/regulation unit 172 
merely provides a low-amperage nominal +5 VDC at the 
AUX5 output. On the other hand, when ON# is a logical 
ZERO (approximately GND), the primary/regulation unit 
172 does regulate the 115 VAC Line-In to ±5 VDC and 
±12 VDC through the four ±5 and ±12 outputs, respec- 
tively. Thus, when ON# is a ONE : the power supply 17 
is "off and when ON# is a ZERO, the power supply 17 
is "on." 

When system 10 is in the normal operating state 
150 or the standby state 152 and an AC power distur- 
bance occurs at the wall outlet, the AC Line-In will detect 
the power disturbance and the control unit 174 will ac- 
tivate the PDI signal (i.e., PDI will change from a first 
logic state (e.g., logic zero) to a second logic state (e. 
g. , logic one)) indicating that power will no longer be sup- 
plied to system 10 after the power supply 17 backup 
power is exhausted. The AC power disturbance could 
be a brownout (power still applied but at less amplitude, 
e.g., 50V instead of 110V) or a blackout/power outage 
(no power supplied from the wall outlet). When the AC 
power disturbance occurs, the power supply 17 will 
switch to its internal backup energy storage which will 
maintain power on the ±5 VDC, ±12 VDC and AUX5 
lines during the AC power disturbance to keep system 
10 running while the system 10 performs the "suspend" 
routine thereby saving data to the hard drive prior to the 
power supply 17 no longer generating power to system 
1 0 (described in more detail below). After the system 1 0 
is suspended, all power to the system is stopped includ- 
ing ±5 VDC, ±12 VDC and AUX5. The power supply 17 
need only have sufficient backup power to allow the sys- 
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tern 10 to perform the "suspend" routine regardless of 
how long the AC power disturbance remains. 

Referring now to FIG. 6, there is shown an alterna- 
tive embodiment for the power supply of system 10. (It 
should be noted that the description throughout this ap- 
plication of power supply 1 7 is equally applicable to pow- 
er supply 32 except for the differences described below.) 
The power supply 32 includes a main power supply 34 
and an uninterruptable power supply (UPS) 36. The 
power supply 34 is identical to power supply 17 except 
that the PDl signal is not generated therefrom and it 
does not include the backup storage energy. Instead the 
UPS 36 is used to supply the backup power and gener- 
ate the PDl signal when an AC power disturbance at the 
wall outlet occurs. The UPS 36 has two inputs; AC Line- 
In2 and ON#. AC Line-ln2 accepts either 1 1 5VAC or 220 
VAC from a typical wall outlet. The UPS 36 has two out- 
puts; PDl and AC Line-Out2. The AC Line-Out2 of the 
UPS 36 is coupled to the AC Line In of the power supply 
34 and provides 115 VAC or 220 VAC to the AC Line In 
of power supply 34. In addition, if an AC power distur- 
bance occurs at the wall outlet, the UPS 36 will continue 
to supply 115 VAC or 220 VAC from its internal energy 
source to the AC Line in of power supply 34 uninterrupt- 
ed by the initial AC power disturbance until the backup 
power storage in UPS 36 is exhausted or AC power at 
a predetermined level within tolerance (e.g., 115±15V 
or 220±1 5V) at the wall outlet returns, whichever occurs 
first. It should be noted that acceptable tolerance levels 
may vary depending on system and application require- 
ments. 

When system 10 is in the normal operating state 
150 or the standby state 152 and an AC power distur- 
bance (brownout or blackout) occurs at the wall outlet, 
the AC Line-ln2 will detect the power disturbance and 
the UPS 36 will activate the PDl signal indicating that 
power will no longer be supplied to system 10 after the 
UPS 36 backup power is exhausted. The UPS 36 con- 
tains sufficient backup energy storage such that the 
power supply 34 can maintain power on the ±5 VDC, 
±12 VDC and AUX5 lines during the AC power distur- 
bance to keep system 10 running while the system 10 
performs the "suspend" routine (described below). After 
the suspend routine is completed, ail data will be saved 
to the hard drive prior to the UPS 36 no longer generat- 
ing power to system 10 (described in more detail below). 
After the system 1 0 is suspended, all power to the sys- 
tem is stopped including ±5 VDC, ±12 VDC and AUX5. 
The UPS 36 need only have sufficient backup power to 
allow the system 10 to perform the "suspend" routine 
regardless of how long the AC power disturbance re- 
mains. 

Referring now to FIG. 7, a schematic drawing of the 
electronic circuitry of the computer system 10 of the 
present invention is shown. The circuitry in FIG. 7 is re- 
sponsible for interfacing between the switch 21, the 
power/feedback LED 23, the power supply 17, the video 
display terminal 1 1 , and code executing on the CPU 40. 



The circuitry comprises four (4) integrated circuits— 
U1, a first preprogrammed PAL16LV8; U2, a prepro- 
grammed 87C750 microcontroller; U3, a74LS05, which 
is well known in the art; and U4, a second prepro- 

5 grammed PAL16L8 (not shown)-and the various dis- 
crete components in circuit communication as shown in 
FIG. 7. In general, the PALs U1 and U4 (not shown) in- 
terface between the planar I/O bus 90 of FIGS. 3A and 
3B and the microcontroller U2, which interfaces to the 

10 remaining circuitry of FIG. 7, which interfaces to the 
switch 21 , the power supply 17, the video display termi- 
nal 11, and a programmable clock synthesizer (not 
shown). 

The circuitry of FIG. 7 further comprises the switch 
15 21 , a 16 MHz crystal Y1 , sixteen resistors R1 -R16, nine 
capacitors C1-C9, three N-type MOSFETs Q1-Q3, 
which are standard low-current NMOS FETs suitable for 
acting as a logic switch in the preferred embodiment, 
and six (6) 1N4148 small signal diodes CR1-CR6, all 
configured and connected as shown in FIG. 7. The re- 
sistors R1-R16 are Va Watt resistors and are of values 
shown in FIG. 7, ± 5%. The capacitor C1 is a 10 ^F (± 
10%) electrolytic capacitor. The capacitors C2 & C3 are 
22 pF (± 10%) tantalum capacitors. The capacitors 
C4-C8 are 0.1 jiF (± 10%) ceramic capacitors. Finally, 
the capacitor C9 is a 1000 pF (± 1 0%) ceramic capacitor. 

The crystal Y1 and the capacitors C2 and C3 gen- 
erate signals used by the microcontroller U2 to control 
the timing of operations, as is known in the art. The di- 
odes CR1 and CR3 and the resistor R13 isolate the 
AUX5 signal from the VBAT signal, while at the same 
time allowing the AUX5 signal to supplement the VBAT 
signal in that while the power supply 17 generates the 
AUX5 signal, the battery 1 71 is not drained. Rather, the 
AUX5 signal is stepped down through the diodes CR1 
and CR3 to supply the proper voltage to the devices con- 
nected to VBAT. In the alternative, the VBAT line is iso- 
lated from the AUX5 line. 

The second PAL U4 (not shown) is connected to ad- 
dress lines SA(1 ) through SA(15) and the AEN (address 
enable) line. SA(1) through SA(15) and AEN are part of 
the planar I/O bus 90 shown in FIGS. 3A and 3B. The 
second PAL U4 is programmed to be merely an address 
decoder, presenting an active low signal DCD# when a 
predetermined address is presented on address lines 
SA(1) through SA(15) and the AEN (address enable) 
line is active. In this particular embodiment, the second 
PAL U4 is preprogrammed to decode two consecutive 
8-bit I/O ports at addresses 0ECH and 0EDH. In the al- 
ternative, the DCD# signal can be generated by another 
electronic device, such as from a memory controller's 
general purpose input/output port as is known to those 
skilled in the art. 

The first PAL U1 is programmed to provide several 
functions: (i) a read/write interface between the CPU 
and the microcontroller U2 to allow commands and data 
to be transferred between the CPU 40 and the micro- 
controller U2, (ii) a logical ORing of the mouse interrupt 
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INT12 and the keyboard interrupt INT1 ; and (iii) a reset 
output to reset the microcontroller U2 responsive to 
commands from the CPU 40. 

The tirst PAL U1 makes use of two consecutive I/O 
ports, also herein referred to as the "power management s 
ports." The first PAL U1 has eight inputs from the planar 
I/O bus 90: SD(4), SD(0), SA(0), IOW#, IOR#, 
RSTJDRV, IRQ1, and IRQ12. The first PAL U1 is reset 
to a known initial condition by the active high signal 
RST_DRV input at pin 7 (16), which is typically generat- 
ed by the memory controller 46, as is well known to 
those skilled in the art. 

A reset line RST751 of the microcontroller U2 is at 
pin 9. A reset subcircuit 920 is responsible for generat- 
ing the RST751 signal and comprises the four resistors 
R4, R14, R15, andR16, the two capacitors C1 and C8, 
and the two MOSFETS Q2 and Q3, in circuit communi- 
cation with the first PAL U1 and the microcontroller U2 
as shown in FIG. 7. The reset subcircuit 920 interfaces 
the reset output signal RESET from the first PAL U1 to 
the reset input signal RST751 of the microcontroller U2 
such that when the RESET line is at a logical ONE, the 
RST751 line is pulled to a logical ONE, thereby resetting 
the microcontroller U2. 

The first PAL U1 resets the microcontroller U2 re- 
sponsive to the CPU 40 writing a logical ONE to bit 0 of 
control port 0EDH. Writing a logical ONE to bit 0 of con- 
trol port 0EDH causes the first PAL U1 to pull the RESET 
line to a logical ONE, which pulls the RST751 line to a 
logical ONE, thereby resetting the microcontroller U2. 
The CPU 40 clears the reset request by writing a logical 
ZERO to bit 0 of control port 0EDH. 

In addition, the reset subcircuit pulls the RST751 
line to a logical ONE, thereby resetting the microcontrol- 
ler U2, whenever the voltage of AUX5 signal raises by 
a given amount, as would occur after the AUX5 voltage 
is reapplied. The manufacturer of the 87C750 : Philips, 
suggests using a simple RC circu it to prevent reset prob- 
lems; however, a simple RC circuit has been found to 
not provide a clean reset. In the particular configuration 
of FIG. 7, the RST751 line is pulled to a logical ONE for 
a period of time determined by R1 5 and C8 (thereby re- 
setting the microcontroller U2) when the AUX5 voltage 
raises by a threshold amount in a period of time greater 
than the time constant determined by R4, R1 4, and C1 . 
This would occur, for example, when AC power at the 
wall outlet returns after a typical brownout or blackout. 
The threshold value is approximately 1 .5 VDC in the em- 
bodiment shown in FIG. 7. 

The reset circuit provides the benefits of increased 
reset protection for the microcontroller U2, while being 
very inexpensive and consuming virtually no power 
when not resetting the microcontroller U2. 

The microcontroller U2 is interfaced to the CPU 40 
via the first PAL U1 and has a number of inputs, outputs, 
and internally controllable functions. 

The SWITCH signal is input at pin 8 (PO O) and re- 
flects the current state of the pushbutton 21 . The push- 



button 21 is normally open. While the pushbutton 21 is 
open, the SWITCH line is pulled to a logical ZERO 
(ground) through resistor R1. When the pushbutton 21 
is pressed, thereby causing a closure event, the 
SWITCH line is pulled up to a logical ONE (AUX5) 
through resistorR12. Capacitor C6 acts to debounce the 
switch closure event; any further debouncing of closure 
events of the switch 21 are performed within the micro- 
controller U2 by reading the SWITCH a predetermined 
number of times, ejj., 50 times, and assuring that the 
SWITCH line is the same for all those reads, as is known 
to those skilled in the art. 

The regulation of the power supply 1 7 (or 32) is di- 
rectly controllable by the microcontroller U2. As shown 
in FIG. 7 : the ON signal is output at pin 5 (P3.0) and is 
wire-ORed with the SWITCH signal via resistor R6 to 
control the ON# signal of the power supply. When the 
ON signal is a logical ONE. MOSFET Q1 conducts, 
thereby pulling the ON# line (pin 2 of JP2) to a logical 
ZERO (GND), thereby causing the power supply 17 to 
begin providing regulated power to the system through 
the ±5 VDC and ±12 VDC lines. On the other hand, 
when the ON line is a logical ZERO, MOSFET Q1 does 
not conduct, therefore the ON# line (pin 2 of JP2) is 
pulled to a logical ONE (AUX5) by resistor R7, thereby 
causing the power supply 17 to cease providing regu- 
lated power through the +5 VDC and ±12 VDC lines. 

The state of the ON line is controlled by the micro- 
controller U2 responsive to a closure event of the switch 
21 and responsive to the CPU 40 via a writable register 
bit within the microcontroller U2, which can be written 
by the CPU 40. The microcontroller U2 is powered by 
AUX5; therefore, the microcontroller U2 is always pow- 
ered (except after a PDI suspend is completed as de- 
scribed above), executing code, and controlling the sys- 
tem. If the power supply 17 is not providing regulated 
power to the system through the ±5 VDC and ±12 VDC 
lines and either (i) the switch 21 is pressed, (ii) one of 
the external events occurs or (iii) the internal alarm ex- 
pires, then the microcontroller U2 asserts the ON signal, 
thereby causing the power supply 1 7 to provide regulat- 
ed power to the system through the ±5 VDC and ±12 
VDC lines. The microcontroller continues asserting the 
ON signal after the switch 21 is released. 

As a backup system, the power supply 17 (or 32) 
can also be turned on under the direct control of the user 
via the pushbutton 21. This option will typically only be 
used if the microcontroller U2 ceases functioning as ex- 
pected, as will be evidenced by the system not powering 
up responsive to a press of the power button 21. As 
shown in FIG. 7, the switch 21 also controls the ON# 
line of the power supply 1 7 via the diode CR2, the MOS- 
FET Q1 , the resistor R7, and the connector JP2. Nor- 
mally the pushbutton 21 is open and the SWITCH line 
is pulled to a logical ZERO through R1 and MOSFET 
Q1 does not conduct; therefore the ON# line (pin 2 of 
JP2) is pulled to a logical ONE (AUX5) by resistor R7, 
and the power supply 17 is not providing regulated pow- 
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er through the ±5 VDC and ±12 VDC lines. 

When the switch 21 is pressed and held by the user, 
the SWITCH line is pulled to a logical ONE and MOS- 
FET Q1 conducts, thereby pulling the ON# line (pin 2 of 
JP2) to a logical ZERO (GND), thereby causing the pow- s 
er supply 17 to begin providing regulated power through 
the ±5 VDC and ±12 VDC lines. With the button 21 still 
held in, alter the system is powered, the BIOS causes 
the CPU 40 to test whether the microcontroller U2 is still 
functioning. If not, the CPU 40 resets the microcontroller 10 
U2, which, after being reset, detects that the switch 21 
is being pressed. Consequently, with the button 21 still 
held, the microcontroller asserts the ON signal and the 
user can finally release the switch 21 with the knowledge 
that the microcontroller is now controlling the power sup- is 
ply 17. To use this backup option, the user must press 
the button 21 for a period of time on the order of sec- 
onds-approximately five seconds into POST 

The microcontroller U2 only turns off the system re- 
sponsive to either (i) the switch 21 being pressed or (ii) 20 
the CPU 40 commanding the microcontroller to turn off 
the system. To the microcontroller U2 : these events are 
the same, because the microcontroller is configured 
such that a switch press can be caused either by a clo- 
sure event of the switch 21 orbytheCPU 40; a hardware 25 
button press/release is treated virtually the same as a 
software button press/release. The microcontroller U2 
only turns off the system without a command by the CPU 
if the APM connect flag in the microcontroller U2 is 
cleared. In this case, when the system is powered and 30 
the APM connect Flag is CLEARed, responsive to a clo- 
sure event of the switch 21, the microcontroller U2 
clears the ON signal, thereby causing the power supply 
17 to cease providing regulated power to the system 
through the ±5 VDC and ±1 2 VDC lines. The ON signal 35 
remains cleared after the switch 21 is released. 

The microcontroller U2 also turns off the system 1 0 
responsive to a command by the CPU, as would be is- 
sued after a the system state has been successfully 
saved to the hard disk drive 31 (suspended). Respon- 40 
sive to such a command, the microcontroller U2 clears 
the ON signal, thereby causing the power supply 17 to 
cease providing regulated power to the system through 
the ±5 VDC and ±12 VDC lines. 

In addition, for a PDI suspend, AUX5 will also be 45 
turned off. More specifically, if backup power within pow- 
er supply 17 is supplying power, then when ON is 
cleared (after PDI suspend completed) circuitry within 
power supply 17 will turn off AUX 5. If UPS 36 is sup- 
plying the backup power then when PDI is active and so 
ON is cleared, the UPS 36 will drop its AC Line-Out2 
and thereby turn off AUX5 from power supply 34. 

The microcontroller U2 can also detect and affect 
the system when certain external events occur. The 
EXT_RING signal is input at pin 7 (P0.1) and allows the ss 
microcontroller U2 to detect a ring from the powered ex- 
ternal modem 902. As known to those skilled in the art, 
typical external modems supply a ring signal that tog- 



gles to a logical ONE in the well known RS-232C format 
when a ring signal is detected across the tip and ring 
telephone lines. This signal is interfaced to the micro- 
controller U2 via diode CR6 and divided with resistors 
R9 and R10 and finally input into the microcontroller U2 
via the EXT_RING line. The toggling signal is sampled 
every 25 milliseconds and analyzed by the microcon- 
troller U2, which deems that a ring is present whenever 
this input is a logical ONE for two consecutive samples. 
Responsive to this condition being met, the microcon- 
troller U2 asserts the ON signal, thereby causing the 
power supply 17 to begin providing regulated power to 
the system through the ±5 VDC and ±12 VDC lines. For 
the EXT_RING signal to be used to detect an incoming 
telephone call, an externally powered modem 902 must 
be present. 

In the alternative, another device that provides a bi- 
nary signal conforming to the RS-232 specificatbn (or 
close enough that it asserts the EXT_RING signal) can 
be interfaced to the EXT_RING line and used to awaken 
the system, for example, motion sensors, burglar alarm 
sensors, voice activated sensors, light sensors, infrared 
light sensors, "clapper" type sensors, etc. 

As shown in FIGS. 3B and 7. the present embodi- 
ment also has a provision for detecting a telephone ring 
signal from an internal modem 900 having an optoiso- 
lator (not shown) OPT01 based ring-detect circuit. 
Many suitable optoisolators are manufactured by e.g. , 
Hewlett Packard, and widely available from numerous 
sources. The internal modem 900 can either be de- 
signed into the circuitry of the system planar 20 or 
placed into one of the expansion slots 78. In the latter 
case, the modem 900 must be modified to provide a 
Berg or similar connector to allow the signal from the 
optoisolator OPT01 to be electrically connected to the 
circuitry of the power management circuitry of FIG. 7. 
The EXT_WAKEUP# signal is input at pin 4 (P0.2) of 
the microcontroller U2 and is used to input a signal from 
the ring-detect optoisolator OPTO1 from the internal 
modem 900. This signal is interfaced via resistors R8 
and R5, diode CR6, and capacitor C9 and finally input 
into the microcontroller U2 via the EXT_WAKEUP# line. 

The toggling signal from the optoisolator OPT01 is 
detected and analyzed by the microcontroller U2, which 
deems that a ring is present whenever three (3) consec- 
utive signal periods of the signal on EXT_WAKEUP 
have a frequency of between 15. 1 Hz and 69.1 Hz. Un- 
like the EXT_RING signal circuit, which must be pow- 
ered to provide the ring signal along EXT_RING, the in- 
ternal modem 900 need not be powered for the optoi- 
solator OPTO1 to supply a suitable signal along the 
EXT_WAKEUP# line, which is normally pulled up to 
AUX5 by R5. 

The CPU 40 has a system management interrupt 
(SMI). The microcontroller U2 can interrupt the CPU 40 
via the CPU's SMI. The system management interrupt 
signal SMI_OUT# is output at pin 3 (P3.2) of the micro- 
controller U2 and allows the microcontroller U2 to im- 
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mediately interrupt the CPU 40 without waiting for the 
operating system to validate or otherwise allow the in- 
terrupt. SMLOUT# may be directly connected to the 
CPU's SMI# pin or to an external power management 
interrupt (EPMI#) pin found on memory control chip 46. 
The signal on the EPMI# pin of the control chip 46 typ- 
ically passes Its state through another pin of the control 
chip 46 which is connected to the CPU 40 SMI# pin. In 
the preferred embodiment, SMI_OUT# is tied directly to 
the CPU 40. 

The state of the SMLOUT# line is controlled by a 
writable register bit, which can be written by the CPU 
40, located within the microcontroller U2. In addition the 
microcontroller U2 can assert the SMI_OUT# signal and 
thereby interrupt the CPU 40 (i) responsive to activity 
being detected on the ACTIVITY* line, (ii) before the mi- 
crocontroller U2 causes the power supply 1 7 to stop pro- 
viding regulated power to the system, (iii) responsive to 
PDI being detected on the PDI line or (iv) responsive to 
a switch press. Any or all of these events can be enabled 
and disabled by commands from the CPU to the micro- 
controller U2. 

Before entering the SMI routine, the microcode in 
the CPU 40 saves the state of the CPU 40 to the special 
CPU state save area to or from memory. Thereafter, the 
CPU 40 executes the SMI interrupt handler, which per- 
forms the functions below. To restore the state of the 
CPU, the SMI interrupt handler issues the RSM 
(resume) instruction, which causes the CPU 40 to re- 
store its own state from the special save area. 

Before the CPU 40 causes the microcontroller U2 
to interrupt the CPU 40 via the CPU's SMI, the CPU 40 
writes a value to a variable in CMOS NVRAM 96 indi- 
cating the reason for the SMI. This value in CMOS 
NVRAM 96 defaults to 00H, which indicates to the CPU 
40 that the microcontroller U2 is interrupting the CPU 
40 asynchronously, as occurs before the microcontroller 
U2 causes the power supply 1 7 to stop providing regu- 
lated power. After each SMI, the CPU 40 sets that var- 
iable in CMOS NVRAM to 00H. Responsive to this val- 
ue, the CPU 40 performs certain tasks under the as- 
sumption that the system is going to be powered down 
imminently by the microcontroller U2. The CPU 40 can 
extend the period of time before which the microcontrol- 
ler U2 powers down the system by periodically restarting 
the power down extend timer within the microcontroller 
U2. In summary, anytime an SMI occurs when the CPU 
40 does not cause the SMI, the value in CMOS NVRAM 
96 will be O0H. The SMI handler then determines the 
appropriate action to be taken based on what event 
caused the SMI. 

During this period of time before the system 1 0 pow- 
ers down, the CPU 40 can perform numerous tasks. For 
example, the CPU writes to the CMOS NVRAM 96 cer- 
tain information that is to be written to the hard drive 31 
later, such as the period of time the computer system 
was operating since its last power on. In addition, since 
the user may have changed one or more of the param- 



eters that affect the wake alarm, the CPU recalculates 
and writes to the microcontroller U2 a fresh minutes to 
wake value. 

Other values written by the CPU 40 include 01 H, 
5 which indicates that the CPU 40 is to jump to the Sus- 
pend Routine at 254; 02H, which indicates that the CPU 
40 is to jump to the Resume Routine at 454; and 0FFH, 
which indicates thai the CPU 40 is to set up the special 
CPU state save area in the segment EOOOH data struc- 
io ture. 

The microcontroller is given control over blanking 
the display 1 1 . The DISP_BLANK signal is output via pin 
1 (P3.4) of the microcontroller U2 and directly controls 
the blanking of the display 11 . Two inverters U3D and 
U3E interface the DISP_BLANK signal with the 
ESYNC# and BLANK# lines. With the DISP_BLANK sig- 
nal at a logical ZERO (GND) the outputs of U3D and 
U3E are isolated which allows the video controller 56 to 
generate a video signal. When DISP_BLANK is a logical 
ONE (Vcc). BLANK# and ESYNC# are at a logical zero 
(GND) and the video controller 56 ceases generating 
the video signal The state of the DISP_BLANK line is 
controlled by a writable register bit, which can be written 
by the CPU 40 located within the microcontroller U2. 
The CPU 40 instructs the microcontroller U2 to blank 
the display when the system enters the standby state 
152. In addition the DISP_BLANK line is sequentially 
SET then CLE ARed responsive to closure events of the 
switch 21 . Similarly, activity at any one of the activity in- 
terrupts, in this case INT1 and INT12, causes the micro- 
controller to CLEAR the DISP_BLANK line, thereby al- 
lowing the video controller 56 to generate the video sig- 
nal. 

CLK_SLOW# is output at pin 2 (P3.3) of the micro- 
controller U2 and is used to control a clock synthesizer 
(not shown). The state of the CLK_SLOW# line is con- 
trolled by a writable register bit, which can be written by 
the CPU 40, located within the microcontroller U2. In ad- 
dition, the CLK_SLOW# tine can be cleared by the mi- 
crocontroller U2 in response to activity at the ACTIVI- 
TY# line. It should be understood by those of ordinary 
skill in the art that various clock synthesizers can be 
used in the present invention. One such clock synthe- 
sizer is the CH9055A which is manufactured by Chron- 
tel, and widely available from numerous sources. 

Additionally, the microcontroller U2 directly controls 
the illumination of the power/feedback LED 23. The 
LED_CNTRL signal is output at pin 22 (P3.6) and allows 
direct control of the power/feedback LED 23 by the mi- 
crocontroller U2. The resistors R2 and R3 and diodes 
CR4 and CR5 allow the power/feedback LED 23 to be 
driven by either the AUX5 power line or the VCC power 
line in response to the LED_CNTRL line being at a log- 
ical ZERO. When the LED_CNTRL line is at a logical 
ONE, the power/feedback LED 23 is not illuminated. 
The state of the LED_CNTRL line is controlled by the 
microcontroller U2 in response to a closure event of the 
switch 21, in response to the wake alarm, in response 
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to one or more rings at either ring-detect input, or in re- 
sponse to the system 10 being placed in the standby 
mode. 

The microcontroller U2 can control the LED 23 to 
be a simple power LED. As such, the LED 23 is illumi- 
nated after a closure event of the switch 21 that causes 
the system to change from either the off state 1 56 or the 
suspend state 154 to the normal operating state 150. 
Likewise, the microcontroller U2 extinguishes the LED 
23 after a release event of the switch 21 that causes the 
system to change from the normal operating state 150 
to either the suspend state 154 or the off state 1 56. 

In addition, the LED 23 can be selectively flashed 
at a particular rate, acj. , every second, by the microcon- 
troller U2 to indicate that the system is in the standby 
state 152. In addition, the LED 23 can be selectively 
flashed at a different rate, ejj., every half-second, by 
the microcontroller U2 to indicate that the system was 
awakened by a ring or by the alarm and the system is 
in either the off state or the suspend state. In the alter- 
native, while in the suspend state, the LED 23 can be 
selectively flashed in groups of flashes by the microcon- 
troller U2to indicate the number of times the system was 
powered up by external events, such as a ring, alarm, 
etc., and was powered back down by the expiration of 
the inactivity suspend timer. In this case, the BIOS is 
provided with one or more functions to allow the OS and 
application programs to modify the number of times the 
microcontroller U2 is to flash the LED 23. 

The PWR_GOOD signal is input at pin 4 (P3. 1 ) of 
the microcontroller U2 and allows this signal to be used 
by the microcontroller U2 and the CPU 40. Specifically, 
the microcontroller uses the PWR_GOOD signal to im- 
plement a feedback-based fault detection and correc- 
tion circuit to determine if the power supply 17 has fault- 
ed and to clear the faulted condition. If the ON signal 
has been asserted for a period of time (e.g., three sec- 
onds) and the PWR_GOOD signal is at a logical zero, 
indicating that the power supply 1 7 is not providing reg- 
ulated voltages at proper levels, then the microcontroller 
U2 assumes that the power supply 1 7 has faulted from, 
e.g., an overcurrent condition. Consequently, to possi- 
bly clear the faulted condition, the microcontroller U2 
ceases asserting the ON signal for a period of time (e. 
g., five seconds) to allow the fault to clear. Thereafter, 
the microcontroller U2 reasserts the ON signal and waits 
for the PWR_GOOD signal to become a logical ONE, 
indicating that the power supply 1 7 is now providing reg- 
ulated power to the system. Without this feedback- 
based fault detection and correction, the power supply 
17 would remain faulted and the microcontroller U2 
would continue to assert the ON signal in an attempt to 
cause the power supply 17 to begin generating regulat- 
ed power. The only solution would be to remove AC 
power from the power supply to clear the fault. 

In the present invention, the PDI control signal from 
the power supply 1 7 or the U PS 36 is tied to pin 21 (P3.7) 
of the microcontroller U2 via a cable or other wire. (It 



should be noted that this pin is a generally unused gen- 
eral purpose input/output (I/O) pin and any general pur- 
pose I/O pin, as found on many Super I/O chips can be 
used.) BIOS can then poll pin P3.7 and when PDI is ac- 
5 tive, detect the AC power disturbance. Alternatively, the 
microcontroller U2 can be programmed to generate an 
SMI when it senses PDI active to detect the AC power 
disturbance. After BIOS detects PDI active or the micro- 
controller U2 generates an SMI when it senses PDI, Bl- 
io OS can then perform the suspend routine (described be- 
low with reference to FIG. 10). This feature can be en- 
abled/disabled by the user through BIOS setup. 

It should be noted that in this embodiment, the PDI 
signal need not necessarily be tied to a pin of the micro- 
's controller U2, the signal just must be able to be sensed 
by system 10. The system BIOS (as mentioned above) 
or the operating system (OS) may monitor the data on 
this pin, and should the signal become active, a suspend 
to disk would be initiated. It should be noted that the 
Suspend Enable Flag must be set either by a user or 
BIOS at any time prior to the AC power disturbance. 

It should be noted that the Suspend Enable Flag 
must be set either by a user or BIOS at any time prior 
to the AC power disturbance. 

The ACTIVITY# signal is input at pin 19 (INT1) of 
the microcontroller U2and is used by the microcontroller 
U2 to respond to activity at the keyboard 1 2 and mouse 
13. IRQ1 is the keyboard hardware interrupt signal, 
which is input at pin 8 (17) of the first PAL U1 ; pressing 
a key on the keyboard 12 causes the IRQ1 signal to 
pulse. IRQ12 is the mouse hardware interrupt signal, 
which is input at pin 11 (19) of the first PAL U1; moving 
the mouse 1 3 or pressing a button on the mouse 1 3 
causes the IRQ1 2 signal to pulse. The IRQ1 and IRQ12 
signals are logically ORed in the first PAL U1 and output 
as the ACTIVITY* signal. Using the ACTI VITY# signal 
allows the microcontroller U2 to never miss activity of 
either the keyboard 12 or the mouse 13. Other activity 
(DMA access, other IRQs, etc.) sources may be easily 
added to IRQ1 and IRQ2 by those skilled in the art. 
"Green" chipsets (i.e. . chipsets which are capable of en- 
tering a low power state and monitoring activity) such 
as the one shown in FIG. 7 can monitor activity from a 
variety of sources (DMAs, IRQs, I/O accesses) and their 
sensing may be easily integrated with the present inven- 
tion by those skilled in the art. 

While in the standby state, activity on either inter- 
rupt causes the microcontroller to restore immediately 
the video display. Using the interrupts IRQ1 and IRQ12 
in this manner gives the user immediate feedback in the 
form of a restored video display when returning from the 
standby state 152 to the normal operating state 154. 
Without it, the user might not receive feedback until pos- 
sibly seconds later when the APM checks for user ac- 
tivity. 

Communications between the CPU 40 and the mi- 
crocontroller U2 are performed using SD(0), which is in- 
put at pin 18 (I/06) of the first PAL U1 and input to the 
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microcontroller U2 via the RWDO line, which is output at 
pin 1 3 (I/03) of the first PAL U1 and input at pin 1 3 (P1 .0) 
of the microcontroller U2, SD(1 ), which is input at pin 1 4 
(p1 . 1 ) of the microcontroller U2, SD(2), which is input at 
pin 15 (p1.2) of the microcontroller U2, SD(3), which is 
input at pin 18 (p1.3) of the microcontroller U2, SD(4), 
which is input at pin 6 (15) of the first PAL U1, 
IO_STROBE#, which is input at pin 18 (INTO) of the mi- 
crocontroller U2, and PROC_RDY, which is output at pin 
20 (P1 .7) of the microcontroller U2. The first PAL U1 and 
the microcontroller U2 are configured and programmed 
to provide (i) four-bit parallel writes from the CPU 40 to 
the microcontroller U2 along SD(0) via RWDO, SD(1), 
SD(2), and SD(3), with one address being essentially a 
one-bit write to reset the microcontroller U2 and the oth- 
er being a nibble written to the microcontroller U2 that 
is only valid when data bit SD(4) is HIGH, and (ii) serial 
(one-bit) reads from the microcontroller U2 by the CPU 
40 along SD(0) via RWDO. with one address corre- 
sponding to the status bit and the other corresponding 
to a data bit from the microcontroller U2. 

FIG. 8 shows the switch state machine maintained 
within the microcontroller U2. As shown therein, the 
states change in response to closure events of the 
switch 21 and other events, such as resetting the system 
10 and writes by the CPU 40. With AUX5 not being pro- 
vided by the power supply 17, the microcontroller U2 is 
not being powered and, therefore, the switch state is 
meaningless, at 174. Application of AC power causes 
AUX5 to reset the microcontroller U2 which then enters 
state 176. A press of switch 21, a telephone ring from 
either source, the minutes to alarm timer expiring, and 
a command from the CPU 40 cause the microcontroller 
U2 to cause the power supply 1 7 to begin providing sys- 
tem power, as described in the text accompanying FIG. 
7. 

As shown in FIG. 8, the switch 21 has four states 
monitored by the microcontroller U2: (i) the on/press 
state 176 (in which the user is holding in the button and 
is trying to turn on the machine), (ii) the on/release state 
178 (in which the user has released the button and is 
trying to turn on the machine), (iii) the off/press state 180 
(in which the user is holding in the button and is trying 
to turn off the machine), and (iv) the off/release state 
182 (in which the user has released the button and is 
trying to turn off the machine). Next, at 180, the micro- 
controller U2 tests whether the switch is in the off/re- 
lease state, indicating that the user has released the but- 
ton and is trying to turn off the machine. 

When in state 182 and the switch 21 is pressed (or 
an external wakeup event occurs), the microcontroller 
U2 enters the on/press switch state 176. Releasing the 
switch 21 causes the microcontroller U2 to enter the on/ 
release switch state 178. Similarly, when the microcon- 
troller U2 is reset, the microcontroller U2 enters the on/ 
press state 176 and then quickly enters state 178 since 
the switch is released. Pressing the switch 21 again (or 
a BIOS soft switch press) causes the microcontroller U2 



to enter the off/press switch state 180. Releasing the 
switch 21 again causes the microcontroller U2 to enter 
the off/release switch state 182. Subsequent closures 
of switch 21 causes the microcontroller U2 to cycle 

5 through the four states, as shown in FIG. 8. 

The microcontroller U2 is in the on/release switch 
state 1 78 when the computer system 1 0 is in the normal 
operating slate 150. Application programs will execute 
while in that state. The system 10 may enter and leave 

10 the standby state 152 in that state. This state also cor- 
responds to a user-generated suspend abort request. 
The off/release switch state 182 is the switch state cor- 
responding to a suspend request by the user. That is, 
starting with the system in the off state 156, pressing 

15 and releasing the switch 21 once places the computer 
system in the normal operating state 1 50. Pressing and 
releasing the switch 21 once again generates a suspend 
request, which is read by the Supervisor Routine. Press- 
ing and releasing the switch 21 a third time, before the 

20 system 1 0 is in the suspend state 1 54, generates a sus- 
pend abort request, which is read by the Suspend Rou- 
tine. 

For a detailed description of the Supervisor Rou- 
tine, the APM Working On Last Request Routine, the 

25 APM Reject Last Request Routine, the Resume Rou- 
tine, the Save CPU State Routine, the Restore CPU 
State Routine, the Save 8959 State Routine, the Dy- 
namic Save File Allocation Routine, the Exit Standby 
Routine, the Enter Standby Routine and the Power man- 

so agement Processor Routines see the above mentioned 
related applications. 

Having described the hardware aspects of the com- 
puter system 10 of the present invention, the code as- 
pects remain to be described. 

35 Referring now to FIG. 9, the details of a Boot-Up 
Routine in accordance with the present invention are 
shown. The Boot-Up Routine starts at 380 when the 
CPU 40 jumps to and executes the code pointed to by 
the Reset Vector. This occurs each time the CPU is pow- 

40 ered up and whenever the CPU is reset by either a reset 
hardware signal or when a RESET instruction is execut- 
ed by jumping to the code pointed to by the reset vector. 
Such reset procedures are well known in the art. 

The first task is to test the CPU 40 and initialize the 

45 memory controller 46, at 382. The CPU is tested by the 
POST routine. Part of the CPU test is to determine 
whether the CPU 40 is an "SL" enhanced part having 
an SMI. If so, a flag is SET indicating this fact. As men- 
tioned above, in the preferred embodiment the CPU is 

50 an d SL B enhanced part having an SMI. The memory con- 
troller 46 is initialized by the POST routine. 

Next, the Boot-Up Routine tests whether the micro- 
controller U2 is function ing, at 986. If the test determines 
that the microcontroller U2 is not functioning then the 

55 CPU 40 commands the first PAL U1 to reset the micro- 
controller U2, at 988, as explained above. Then the CPU 
40 again checks whether the microcontroller U2 is func- 
tioning, at 990. If the CPU again determines that U2 is 
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not functioning then the CPU 40 disables the power 
management features described herein, at 992, under 
the assumption that the microcontroller U2 is in such a 
state that it cannot be reset. 

On the other hand, if the microcontroller U2 is func- 
tioning, then the CPU 40 continues the booting process 
and refreshes the minutes to wake alarm value in the 
microcontroller U2, at 994. The time-base of the RTC 
98 is much more accurate than the time base of the mi- 
crocontroller U2. Therefore, to overcome this limitation 
without adding a much more accurate and, therefore, 
expensive time base to the microcontroller U2, the BIOS 
synchronizes the less accurate time base to the more 
accurate time base and updates the minutes to wake 
alarm value within the microcontroller U2 with a more 
accurate value derived from the RTC 98 each time the 
system boots. To accomplish this, the CPU 40 reads the 
absolute alarm date and time from the CMOS memory 
96, calculates the minutes to wake alarm value, and 
writes it to the microcontroller U2. 

Thereafter, and if the microcontroller U2 is not func- 
tioning causing the power management features to be 
disabled, the Boot Routine determines if the system was 
booted due to the application of power to the power sup- 
ply 17, at 996. Preferably, the power supply 17 always 
has AC power applied to its primary/regulation unit 172 
and the regulation of power at the ±5 and ±12 lines is 
controlled by the ON# input. This way the power supply 
17 can constantly provide the AUX5 needed to power 
the power management circuitry 1 06 and be controlled 
by the power management circuitry 106 without having 
it switch the AC power itself. 

However, as is known to those skilled in the art, 
some users prefer to power their computer systems us- 
ing a switched power strip (not shown), turning off and 
on the AC power to the entire system with a single 
switch. This poses problems forthe power management 
circuit 1 06 because the microcontroller U2 and the other 
devices are configured to be constantly powered by the 
AUX5 power line. Therefore, the system must have a 
method of determining that it was powered by the appli- 
cation of AC power and behaving accordingly. 

In addition, the AUX5 line is powered off after a PDI 
suspend is completed (described above). Therefore, the 
system must be able to further determine whether the 
microcontroller was awakened after the application of 
AC power after a PDI suspend. This is accomplished by 
BIOS setting DEFAULT_ON during a PDI suspend (de- 
scribed below) such that when AC power returns and 
thus, AUX5 returns, a reset is performed as described 
below. 

Consequently, at 996, the CPU queries the micro- 
controller U2 about the event that caused the power 
supply 17 to be turned on. The microcontroller can re- 
turn any one of four responses: (1) it was reset and, 
therefore, caused the power supply 17 to begin provid- 
ing regulated power at the ±5 and ±1 2 lines, (2) the min- 
utes to wake alarm expired, (3) a ring occurred at either 



the RS-232 ring input or the ring input from the optoiso- 
lator OPTOI , and/or (4) the switch 21 was pressed. The 
reason for the system being powered on can be read 
directly from the microcontroller U2 by application pro- 

s grams, such as a scheduler, which would execute cer- 
tain programs responsive to the particular reason the 
system was powered up. In the alternative, the reason 
for powering up the system can be made available via 
one or more BIOS calls. 

10 Other than being reset by the CPU 40, the micro- 
controller U2 is only reset by the reset subcircuit 920, 
which resets the microcontroller whenever either the 
AUX5 lino is applied or it glitches. Therefore, if the mi- 
crocontroller U2 was reset, or if the microcontroller re- 

15 turned an invalid wakeup code, which is tested at 997, 
the CPU 40 must then determine whether the power 
supply should continue the regulation of power at the ±5 
and ±1 2 lines or not, at 998. To this end, a flag in CMOS 
NVRAM called DEFAULTJDN is used. If this flag is SET, 

20 then the power supply 17 should continue providing reg- 
ulated power after the microcontroller U2 is reset. On 
the other hand if DEFAULTJDN is not SET, then the 
power supply 17 should cease providing regulated pow- 
er after the microcontroller U2 is reset and, therefore, 

25 the CPU 40 commands the microcontroller U2 to cause 
the power supply 17 to cease providing regulated power 
at the ±5 and 1 12 lines, at 1000. Thereafter, the voltages 
take several seconds to ramp down to approximately ze- 
ro, giving the CPU 40 time to execute numerous com- 

30 mands. Therefore, the CPU 40 executes an endless 
loop (a "spin"), at 1002, as it waits for the system power 
voltages generated by the power supply 17 to decline 
until the CPU 40 stops functioning, at 1005. As men- 
tioned above, the microcontroller U2 is preferably con- 

35 stantly powered by the AUX5 line and continues execut- 
ing its programmed routines. 

Thereafter, if the microcontroller returned a valid 
wakeup code, at 997, or if the microcontroller U2 was 
reset, but the system, is to remain powered, at 998, the 

40 CPU 40 commands the microcontroller U2, at 1 004, to 
generate an SMI back to the CPU 40 before it causes 
the power supply 17 to cease providing regulated power 
at the ±5 and ±12 lines in the event the microcontroller 
U2 deems that the power should be turned off. Also, at 

45 1 004, the CPU SETs the DEFAULTJDN bit in the CMOS 
NVRAM so that if AC power is lost, the system will turn 
itself back on after AC power is reapplied. 

Then, the Boot Routine performs the first Plug & 
Play resource allocation pass, at 1006, as known to 

50 those skilled in the art. 

Next, at 383, the shadow memory is tested and the 
BIOS is copied from ROM 88 to the shadow memory 
portion of RAM 53. The flow of the executed code de- 
pends on whether the Suspend Flag is SET in CMOS 

55 NVRAM 96. If the Suspend Flag is SET, then the com- 
puter system 10 is in the suspend state 150, and the 
computer system 10 should be restored to the state it 
was in when it was suspended. The system RAM 53 in 
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segments E000H and FOOOH are given an abbreviated 
test. To reduce the amount of time the computer takes 
to resume, the memory is merely checked for proper 
size and zeroed (00OH is written to each location). 

On the other hand, if the Suspend Flag is CLEARed 
in CMOS NVRAM 96, then the system RAM 53 in seg- 
ments E000H and FOOOH are given the standard, in- 
depth memory test comprising: (1) a slicky-bil test, (2) 
a double-bit memory test, and (3) a crossed address line 
test. These tests are well-known in the art. 

After segments E000H and FOOOH are tested, the 
BIOS may be shadowed which involves copying the 
contents of the ROM BIOS 88 to the system RAM 53 
and configuring the memory controller to execute the BI- 
OS from RAM. Shadowing the BIOS is done to increase 
the speed of the system; system performance is en- 
hanced because the BIOS is running from the faster sys- 
tem RAM 53 (a typical access time is 80 nanoseconds) 
rather than the slower ROM 88 (typical access time 250 
nanoseconds). Shadowing the BIOS comprises loading 
a BIOS copier to an address in lower memory, copying 
the BIOS from the ROM 88 to the segments E000H and 
FOOOH of the system RAM 53, and enabling the shadow 
RAM. 

Next the video controller 56 is tested and initialized 
and the video memory 58 is tested, both at 384. These 
tests and initializations are well known in the art. 

Then, the Boot Routine performs the second Plug 
& Play resource allocation pass, at 1008, as known to 
those skilled in the art. 

The flow of the executed code depends on whether 
the Suspend Flag is SET in CMOS NVRAM 96, at 386. 
If the Suspend Flag is SET, then the remaining system 
RAM 53 is merely checked for size and then zeroed, like 
task 383. If, however, the Suspend Flag is CLEARed in 
CMOS NVRAM 96, then the remaining system RAM 53 
is tested at task 398 using the three-step, in-depth mem- 
ory test described in the text accompanying task 383. 

After the memory is tested, the auxiliary devices- 
including the 8259, the UARTs, the 8042, and any oth- 
ers-are tested and initialized, at 400. At task 408, the 
fixed disk controller is initialized. 

The flow of the executed code depends on whether 
the Suspend Flag is SET in NVRAM 96, at 409. If the 
Suspend Flag is SET, indicating that the state of the sys- 
tem was successfully saved when power was last re- 
moved, then the Boot-Up Routine skips the test of the 
hard drive controller 86 and hard drive 31 . On the other 
hand, if the Suspend Flag is CLEARed in CMOS 
NVRAM 96, indicating that the state of the system was 
not saved when power was last removed, then the Boot- 
Up Routine perlorms a complete test of the fixed disk 
controller 86 and hard drive 31, at task 410, as is well 
known in the art. 

Next, the floppy drive controller 84 is tested and in- 
itialized at 412. 

At this time, all the devices are initialized and the 
vectors point to known locations, so ail interrupt routines 



will work as expected. Therefore, the Boot-Up Routine 
snapshots the BIOS Data Area & Vector Table, at 414, 
which writes a copy of the BIOS Data Area and the Vec- 
tor Table to the data structure in segment E000H. This 

s copy of the BIOS Data Area and the Vector Table is used 
by the Suspend Routine at task 274 to place the com- 
puter system 10 into a known state, with all interrupts 
working as expected. 

Next, any BIOS extensions are "scanned in" and in- 
to itialized at 416 as is well known in the art. BIOS exten- 
sions are blocks of BIOS code added to the system by 
peripheral adapters, such as network adapters. BIOS 
extensions are typically located in segments C000H and 
D000H on the ISA bus 76 and have an associated "sig- 
nature" to identify the BIOS extension as such. If a BIOS 
extension is detected, the length is checked and a 
checksum is calculated and checked. If the signature, 
length, and checksum all indicate that a valid BIOS ex- 
tension exists, program control passes to the instruction 

20 located three bytes past the signature and the BIOS ex- 
tension can perform any needed tasks such as the ini- 
tialization of the peripheral adapter. Once the extension 
finishes execution, control passes back to the Boot-Up 
Routine, which searches for more BIOS extensions. Any 

25 more BIOS extensions are handled like the BIOS exten- 
sion above. If no more BIOS extensions are detected, 
the Boot-Up Routine then moves to task 417. 

At 417 the Boot-Up Routine searches for a partition 
on the hard drive 31 that appears to be partition specif- 

30 ically allocated for the Suspend File. If a partition with a 
PS/1 identifier "FE" or a hibernation partition with the 
identifier "84" in the partition table is found and that par- 
tition is large enough to accommodate a Suspend File 
for this particular system, then that partition is used for 

35 the Suspend File. Consequently, the Suspend File Sig- 
nature is written to the first bytes of the area, and the 
starting head, sector, and cylinder of the area are written 
to CMOS NVRAM 96. 

The flow of the executed code then branches, de- 

40 pending on whether the Suspend Flag is SET in CMOS 
NVRAM 96, at 418. If the Suspend Flag is cleared, then 
the Boot-Up Routine passes control to the PBOOT rou- 
tine at 420. PBOOT is well known in the art and is re- 
sponsible for loading the operating system (OS) and 

45 command interpreter from either a floppy disk or the 
hard drive 31 . If a partition for the Suspend File was not 
found at task 417, then the OS executes an OS-specific 
driver that checks whether a partition was found, and if 
not allocates a file of contiguous sectors (defragmenting 

50 an area if necessary) in the file allocation table (FAT), 
writes the signature to the first bytes of the Suspend File, 
and writes the starting head, sector, and cylinder of the 
Suspend File to the CMOS NVRAM 96. 

Regardless of when the Suspend File is allocated, 

55 the file should be contiguous sectors to allow a rapid 
write to disk and a rapid read from disk during suspends 
and resumes, respectively. 

The OS next configures the system based on the 
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instructions found in the CONFIG.SYS file. Lastly, the 
OS executes the AUTOEXEC. BAT file, which eventually 
passes execution control back to the operating system. 
If the Suspend Flag is cleared in CMOS NVRAM 96, in- 
dicating that the state of the system was not saved when 
power was last removed, then RESUME.EXE, which is 
explained more fully in the text accompanying task 421 , 
is ignored. 

Referring back to task 418, if the Suspend Flag is 
set in CMOS NVRAM 96, indicating that the state of the 
system was saved when power was last removed, then 
the flow of the executed code then branches, depending 
on whether the Reinitialize Adapters Flag is SET in 
CMOS NVRAM 96, at 419. If the Reinitialize Adapters 
Flag is set, then the Boot-Up Routine passes control to 
the PBOOT routine at 421 . Like the usual PBOOT Rou- 
tine, PBOOT of the present invention loads the OS, 
which configures the system in accordance with the 
commands found in the CONFIG.SYS and AUTOEXEC. 
BAT files, which, inter alia, load drivers and configure 
the system as is well known in the art. 

The commands in CONFIG.SYS and AUTOEXEC. 
BAT may initialize adapter cards in the system. This ap- 
plication presumes three types of adapter cards exist: 
Type I adapters do not need initialization; Type II adapt- 
ers require initializing, but are placed into a known work- 
ing state by the BIOS extension or the driver loaded as 
per the CONFIG.SYS or AUTOEXEC.BAT files; and 
Type III adapters are modified by code executing on the 
system. Systems comprising Type I and Type II adapt- 
ers may be suspended and restored; however, systems 
comprising Type III adapters, which include many net- 
working adapters, may not be restored, unless the cards 
have an associated APM aware device driver that rein- 
itializes the adapter after certain conditions occur, such 
as system power being removed. Systems may sus- 
pend Type 1 1 1 cards that have an APM aware device driv- 
er. 

The file RESUME.EXE is added to the AUTOEXEC. 
BAT file and is responsible for transferring program con- 
trol from the OS to the Resume Routine. The OS in task 
420 ignores the presence of RESUME.EXE; however, 
the OS of task 421 executes RESUME.EXE, which 
passes control to the Resume Routine after the Type II 
adapters are finished being initialized by the device driv- 
ers loaded by the OS from CONFIG.SYS AND AU- 
TOEXEC.BAT. 

Referring back to task 41 9, if the Reinitialize Adapt- 
ers Flag is cleared in CMOS 96, the OS passes execu- 
tion control to the Resume Routine via RESUME.EXE. 
The Resume Routine restores the system state from the 
Suspend File on the hard drive. 

Turning now to FIG. 10, there is shown a Suspend 
Routine in accordance with the present invention. The 
Suspend Routine essentially causes the system 10 to 
leave the normal operating state 150 (or the standby 
state 152) and enter the suspend state 154 and may 
return control to the Supervisor Routine after several in- 



structions (if the system is not ready to be suspended) 
or several minutes, hours, days, weeks, or years later 
(if the system is suspended and resumed). The Sus- 
pend Routine always SETsthe "Normal Resume" APM 
s Return Code, whether the Suspend Routine returns 
without suspending, or returns after a complete suspend 
and resume. 

The Suspend Routine shown in FIG. 10 commenc- 
es at 250. The Suspend Routine is called by the APM 
10 in response to the Supervisor Routine returning to the 
APM a "Suspend Request" APM Return Code. In addi- 
tion, the Suspend Routine is called and partially execut- 
ed when the system performs a Checkpoint. First, the 
flow of the Suspend Routine depends on whether the 
15 CPU 40 is an S part having an SMI, at 970. As men- 
tioned above, in the preferred embodiment the CPU Is 
an "SL" enhanced part. Since the CPU 40 is an "SL B 
enhanced part having an SMI, the CPU 40 causes the 
microcontroller U2 to generate an SMI back to the CPU 
40, at 972. Responsive to the SMI, microcode in the 
CPU 40 saves the state of the CPU 40 registers, as is 
known to those skilled in the art, to the segment E000H 
data structure, at 974 and the CPU 40 is now in Real 
Mode. 

If the CPU 40 was not an "SL" enhanced part with 
an SMI, the Save CPU State Routine would be called at 
252. The Save CPU State Routine is detailed in the 
above-mentioned applications. Suffice it to say that no 
matter what mode the CPU 40 is in when the Suspend 
Routine is originally called, the remainder of the Sus- 
pend Routine will be executed with the CPU 40 in Real 
Mode. 

After the Save CPU State Routine returns of after 
the CPU saves its own state responsive to an SMI, the 
Suspend Routine next ascertains whether the switch 21 
was pressed, at 254. The switch 21 closure is tested as 
described in the text accompanying FIGS. 7 and 8. If the 
switch was not pressed, then the suspend underway is 
a software-suspend and the Software Suspend Flag is 
SET in CMOS NVRAM 96. This ensures that a software 
suspend is not confused with a hardware suspend initi- 
ated by a switch closure. All software suspends are con- 
verted to hardware suspends by setting a bit in the mi- 
crocontroller U2. The next switch closure after convert- 
ing the software suspend to a hardware suspend aborts 
the suspend. 

The next task is to set up a stack in segment EOOOH, 
indicated at 262. After the stack is set up the Suspend 
Routine, at 264, examines the DMA controller 72, the 
diskette adapter 84, and the IDE disk controller 86 to 
see if any DMA transfers, floppy drive transfers, or hard- 
file transfers, respectively, are currently underway. If so, 
the suspend cannot be done because characteristics 
peculiar to these three types of transfers prevent a sat- 
isfactory suspend from being performed. Thus, if any of 
these three types of transfers are underway, the sus- 
pend is postponed until the next APM Get Event, when 
the DMA and diskette controllers are tested for activity 
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once more. 

• Consequently, the tasks performed at 252, 260, and 
262 must be reversed so control can be passed back to 
the APM. First, the BIOS is changed from read/write to 
read-only, as shown at 265. That is accomplished by 
closing segment EOOOH, which still contains the shad- 
owed data. The stack that was created in task 262 is 
popped and restored. Finally, the CPU state is restored 
by the Restore CPU State Routine, at 266, before con- 
trol is passed back to the APM at 267. The Suspend 
Routine will be polled again by the APM in approximate- 
ly another second during the next Get Event. By that 
time, the transfer(s) that prevented the suspend process 
will probably be complete, allowing the suspend to con- 
tinue. 

Returning now to task 264, if no DMA transfers, flop- 
py drive transfers, or hardfile transfers are currently un- 
derway, then a suspend may be performed. The Sus- 
pend Routine continues at 268. Recall that the Failsafe 
Timer is continually counting down and will cause the 
system to turn itself off if it expires while the switch 21 
is in the off/release state. Therefore, a first task is to re- 
set the Failsafe Timer, described in the text accompa- 
nying FIG. 7, as shown at 268. 

Next, the state of the 8042 coprocessor 104 is 
saved, at 270. The 8042 coprocessor 104 registers are 
well known in the art. The registers are directly readable 
by the CPU 40 and their values are written directly into 
the data structure in E000H. 

Next, the state of the 8259 interrupt controller 92 is 
saved, at 272. The Suspend Routine calls the 8259 
Save State Routine, which is detailed in the above-men- 
tioned related applications. Suffice it to say that the 8259 
Save State Routine ascertains the contents of the un- 
known registers of the two 8259 interrupt controllers 92, 
even though some of the registers are write-only. The 
register values are written directly to the data structure 
in E000H. 

After the state of the interrupt controller 92 is saved, 
the configuration of the interrupt controller 92 must be 
changed to a known state to allow proper functioning of 
the various interrupt-driven tasks executed by the Sus- 
pend Routine. Therefore, the BIOS Data Areas & Vector 
Tables are swapped, at 274. The Suspend Routine cop- 
ies the contents of the present-state BIOS Data Area 
and Vector Table in segment 0000H to a location in seg- 
ment EOOOH. Next, the contents of the known-state BI- 
OS Data Area and Vector Table are copied from the data 
structure in segment EOOOH to the location in segment 
0000H. The known-state BIOS Data Area and Vector 
Table is copied to segment EOOOH in task 414 of the 
Boot-Up Routine, shown in FIG. 9, discussed above. Fi- 
nally the present-state BIOS Data Area and Vector Table 
are copied from segment O00OH to the data structure in 
segment EOOOH. When the routine at 274 is finished, all 
the interrupts, such as interrupt 13H (disk read/write) 
and interrupt 10H (video access), will function as ex- 
pected. 



Next, the state of the timers 102 and the IDE disk 
controller 86 are saved, at 276. The timers' and the IDE 
disk controller's registers are well known in the art. All 
of the registers are directly readable by the CPU 40 and 
5 their values are written directly into the data structure in 
EOOOH. 

The next step is to prepare the system memory to 
be written to the Suspend File on the hard drive 31 . The 
system memory comprises system RAM 53 (which in- 
fo eludes both main memory and any extended memory) 
and the video memory 58. At this time, parts of the RAM 
53 may bo in the external cache 60. The CPU cache 
was flushed during the Save CPU State Routine. Next, 
the external cache is flushed, at 286, and enabled to 
rs speed writes to the hard drive 31 . 

The code executing on the system 10 may have put 
the IDE controller 86 into an unknown state. Conse- 
quently, the next step is to initialize the IDE controller 86 
to a known state, at 292. This is accomplished by writing 
20 values directly to the registers within the IDE controller 
86. 

Next, an interrupt-driven parallel thread to read and 
save the state of any modems to the EOOOH data struc- 
ture is started, at 976. The routine captures the interrupt 

25 corresponding to the COMM port associated with the 
particular modem, transmits commands to the modem 
to cause it to sequentially transmit back the contents of 
its registers, receives the register contents transmis- 
sions from the modem, and saves the register values to 

30 the EOOOH data structure. This routine transmits a first 
command to the modem, and then responds in an inter- 
rupt-driven fashion, receiving the modem's response 
and transmitting the next command to the modem re- 
sponsive to each COMM port interrupt, until all the mo- 

35 dem's registers have been saved. If not executed as a 
parallel thread, this routine could add several seconds 
(3-5 seconds per modem depending on the particular 
modem and the current baud rate) to the time it takes to 
suspend the system. Being an interrupt-driven parallel 

40 thread, it adds little or no time to the suspend if it com- 
pletes execution before the system state is written to the 
hard drive 31 . 

After the interrupt driven parallel thread modem 
save routine is started, the Suspend File must be locat- 

45 edon the fixed disk within the hard drive 31, at 294. The 
head, sector, and cylinder of the Suspend File is stored 
in CMOS memory 96. Once the Suspend File is located, 
the file size and signature are read. The signature is 
preferably an ASCII code of arbitrary length that indi- 

50 cates the presence of the Suspend File. Other alterna- 
tive implementations of the signature are possible, such 
as using binary strings with very low probability of being 
found randomly on a hard file system. 

Having read the file size and signature for the Sus- 

55 pend File, the next step is to ensure that the signature 
and file size are correct, at 296. If either the signature 
is incorrect, indicating that another program may have 
modified the Suspend File, or the file size is not correct, 



19 



37 



EP 0 805 386 A1 



38 



indicating that the Suspend File size was modified, then 
the Suspend Routine calls the Fatal Suspend Error Rou- 
tine, at 298. If the user presses the switch 1 7, to exit the 
Fatal Suspend Error Routine, program control jumps 
from task 299 to task 506. s 

On the other hand, if the signature is correct and 
the Suspend File is large enough, then the Suspend 
Routine may proceed writing the state of the computer 
system to memory. 

Before writing the state of the computer system 10 10 
to the hard drive 31, the CPU 40 commands the micro- 
controller U2 to restart (reset) the failsafe timer and que- 
ries the microcontroller U2 to determine if the switch 21 
was pressed again, at 297. If the switch 21 was not 
pressed again then the suspend should continue. On 15 
the other hand, if the switch 21 was pressed again then 
the suspend is aborted. The failsafe timer is restarted 
and the switch 21 is tested for closure at several points 
in the Suspend Routine. Task 297 is merely illustrative; 
a circuit designer of ordinary skill in the applicable art 20 
will be able to determine the number of and permissible 
time between restarts of the failsafe timer. The Suspend 
Routine should reset the failsafe timer, before it expires 
causing the microcontroller U2 to cause the power sup- 
ply 17 to be turned "off." Likewise, the switch 21 should 25 
be checked occasionally. If the switch 21 was pressed 
again, indicating that the user desires to abort the sus- 
pend, then the code should jump to an appropriate point 
in the Resume Routine to n un-suspend D and recover 
from the partial suspend. 30 

Similarly, a Ctrl-Alt-Del aborts the suspend, at 350. 
Pressing Ctrl-Alt-Delete (pressing the Control key, the 
Alt key, and the Delete key simultaneously) is a well 
known method of resetting typical computer systems 
based on the IBM BIOS and Intel 80X86 family of CPUs. 35 
The computer system 10 handles a Ctrl-Alt-Del with a 
BIOS Interrupt 1 handler, as is well known in the art. The 
computer system 10 has a slightly modified Interrupt 1 
handler, at 350, which clears the Suspend Flag in CMOS 
memory 96, at 352, and jumps to the Boot-Up Routine 40 
on reset, at 354. 

In the computer system 10 of the present invention, 
pressing Ctrl-Alt-Del while the Suspend Routine is exe- 
cuting causes the system 10 to enter the off state 156. 
This happens because after the switch 21 closure, 45 
pressing Ctrl-Alt-Del causes the Boot-Up Routine to be 
called, and the Boot-Up Routine initializes the microcon- 
troller U2 to a state in which the failsafe timer has ex- 
pired and the switch is still in the off/release state. Thus, 
pressing Ctrl-Alt-Del while in the Suspend Routine caus- so 
es the computer system 10 to enter the off state 156. 

Referring now to task 300, the Suspend File is again 
located on the hard drive 31 ; the signature phrase is writ- 
ten to the first bytes of the Suspend File, at 300. Next, 
the entire 64 kilobytes of data in segment EO0OH is writ- 
ten to the Suspend File, at 302. This 64K copy of E000H 
is really just a place holder and will be rewritten to this 
same location at the end of the Suspend Routine. 



Then, the state of the video controller 56 is saved, 
at 303. The video controller 56 registers are well known 
in the art. All of the registers are directly readable by the 
CPU 40 and their values are written directly into the data 
structure in E000H. 

Next, the system memory is written to the Suspend 
File. This is accomplished by a twin-buffer system that 
reads data from system memory, compresses and 
writes it to segment EO0OH, and finally writes the com- 
pressed data from segment E000H to the Suspend File. 
Two routines work in a time-multiplexed arrangement: 
one compresses the data and writes to segment EOO0H, 
the other writes to the Suspend File. The former is run- 
ning in the foreground, the latter is an interrupt-driven 
routine that runs in the background. Obviously, since 
there is only one CPU 40, only one routine can execute 
at a given time; however, because the latter routine is 
interrupt-driven, it can interrupt the execution of the 
former routine as needed to optimize the speed of trans- 
fer of the data to the Suspend File. Each of the two buff- 
ers is 8 kilobytes long, which is believed to optimize 
transfer time to the hard drive 31 . 

This process starts at 304 with the reading, com- 
pression, and writing to segment EOOOH of enough data 
to fill the first of the 8K buffers. The data is compressed 
using the run length encoding method; however, any 
suitable compression method maybe used. At this time, 
the Write from Buffer Routine, which is generally indi- 
cated at 307, is started, at 306. The Write from Buffer 
Routine 307 is an interrupt-driven routine that runs in 
the background and is comprised of tasks 308-310. The 
Compression Routine, generally indicated at 311, com- 
prises tasks 312-318 and is the foreground routine. 
First, the Write from Buffer Routine 307 writes the buffer 
just filled by task 304 to the Suspend File, at 308. While 
the Write from Buffer Routine 307 writes the contents of 
that buffer to the Suspend File, the Compression Rou- 
tine 311 continues reading the next bytes from system 
memory, compressing them, and writing the com- 
pressed data to the other of the two 8K buffers, at 312. 
Once the Compression Routine 311 has filled the buffer 
with compressed data, the next step is to determine if 
the entire system memory has been compressed yet, at 
314. 

The IDE controller 86 cannot write data to the hard 
drive 31 very quickly Asa consequence, the Compres- 
sion Routine 311 will always finish filling the 8K buffer 
not being written to the hard drive 31 before the Write 
from Buffer Routine 307 finishes writing the buffer to the 
hard drive 31 . Therefore, the Compression Routine 311 
must wait for the Write from Buffer Routine 307 to finish 
writing the buffer to the hard drive 31 . If the Compression 
Routine 311 has not finished compressing and writing 
all of system memory, then the Compression Routine 
31 1 waits for the Write from Buffer Routine 307, at 31 6. 
The Compression Routine 31 1 and the Write from Buffer 
Routine 307 communicate via a set of flags. When the 
Write to Buffer Routine 307 finishes writing the current 
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buffer to the Suspend File, the Routine 307 next switch- 
es the buffer flags, indicating to the Compression Rou- 
tine 311 that it may start filling with compressed data the 
buffer that was just written to the Suspend File. Next, 
the failsafe timer C2 is reset and the switch 21 is 5 
checked for a closure event, at 309, in the manner ex- 
plained in the text accompanying task 297. 

The Write lo Buffer Routine 307 then decides if the 
buffer just written to the Suspend File is the last buffer 
to be written, at 31 0. If not, the Write from Buffer Routine 
writes to the Suspend File the buffer that was just filled 
by the Compression Routine 311 . In the mean time, the 
Compression Routine 311, by examining the buffer 
flags, determined that a buffer is ready for more com- 
pressed system memory. That is, the Compression Rou- 
tine waits at 316 until the Write from Buffer Routine fin- 
ishes with the current buffer, at which time the compres- 
sion loop continues at 312. Note, the video memory 58 
is compressed if linear frame buffering is supported, but 
is not compressed for VESA page access. Rather, VE- 
SA page access video memory is read through the video 
controller 56 using VESA calls and is written without 
compression using the twin-buffer system, explained in 
more detail above. 

Once the Compression Routine 311 is finished com- 
pressing all the system memory, it waits at 318 for the 
Write from Buffer Routine 307 to finish writing the last 
buffer to the Suspend File. Once the Write from Buffer 
Routine 307 is finished, it branches from 31 0 to 31 8 and 
ceases to exist. At this time, no background routines are 
executing and the main program continues at 320. 

Next, at task 320, the state of the D MA unit 71 (DMA 
controller 72 and Central Arbiter 82), the 82077 diskette 
controller 84, and the RS-232 UARTs 94 are saved. 
These devices have registers that are well known in the 
art. All of the registers within the diskette controller 84 
and the UARTs 94 are directly readable by the CPU 40 
and their values are written directly into the data struc- 
ture in EO0OH. The DMA unit does not have all readable 
registers. Rather, the write-only registers are normally 
set up before each DMA transfer. For this reason, the 
Suspend Routine stops a suspend If a DMA transfer is 
underway. 

Next, at 978 the Suspend Routine tests whether the 
interrupt-driven modem state routine described in the 
text accompanying task 976 is finished. If not, it waits 
for this routine to finish. 

It is believed to be desirable to be able to detect any 
tampering with the Suspend File once the computer sys- 
tem 10 enters the suspend state 150. For example, it 
may be possible for someone to generate a modified 
Suspend File, move that Suspend File to the hard drive 
31 , and attempt to have the computer system 1 0 restore 
into a different state than the one saved. To this end, a 
pseudo-random value is placed in the segment E000H 
data structure. As shown at 328, after the interrupt-driv- 
en modem state save routine is finished, a 16-bit time- 
stamp is read from one of the high-speed timers 102. 



This time-stamp is then written to the segment E00OH 
data structure. 

Next, a 16-bit checksum for the entire E000H seg- 
ment is calculated by adding each 1 6-bit word in EO0OH 
together without ever considering the carry bit. This 
checksum is written to the segment E0O0H data seg- 
ment, at 330, and is written to the NVRAM 96, at 332. 
After which, all the working variables are written from 
the CPU 40 to the segment EO00H data structure, at 
334, and the entire segment EOOOH is rewritten to the 
Suspend File, starting after the signature phrase of the 
Suspend File (directly after the signature), at 336. Next, 
the Suspend Flag is SET in the NVRAM 96, at 338, in- 
forming the system 1 0 that the state of the computer sys- 
tem 10 was saved to the Suspend File. 

Next, the Suspend Routine determines whether a 
Checkpoint is being taken, at 980. If so, then the system 
should not be powered down; rather, the system must 
be resumed to the extent necessary to recover from the 
partial suspend that was just performed. Therefore, if a 
Checkpoint is being taken, at 982 the Suspend Routine 
jumps to task 484 of the Resume Routine, which then 
performs a partial resume. 

If a Checkpoint is not being taken then the Suspend 
Routine checks whether it was entered due to an active 
PDI signal, at 981. If the suspend routine was entered 
due to an active PDI signal, then the suspend routine 
checks if PDI is still active at 983. If PDI is not active, 
then the suspend routine jumps to task 982 wherein the 
suspend is aborted and the system resumes to its nor- 
mal operating state. This would occur for example, if the 
suspend routine was entered due to a power distur- 
bance (PDI suspend) and then before task 981 was 
reached, AC power was restored resulting in the PDI 
signal being deactivated. Accordingly, in such circum- 
stances, the suspend is aborted and the system returns 
to its normal operating state. 

Referring back to task 983, if PDI is still active, the 
DEFAULTJDN bit is set at 985 such that when power 
does return, the system 10 will bootup and change from 
the suspend state to the normal operating state 
(resume). 

If the suspend was not due to an AC power distur- 
bance and a Checkpoint is not being taken (see tasks 
980 and 981), or if the suspend was a PDI suspend and 
the DEFAULT_ON bit was set at 985 then the CPU 40 
will turn "off" the power supply by commanding the mi- 
crocontroller U2 to pull the ON# signal to a logical ZE- 
RO, thereby causing the primary/regulation unit 1 72 of 
the power supply 1 7 to stop providing regulated voltages 
along the ±5 and ±12 lines, at 340. The voltages take 
several seconds to ramp down to approximately zero, 
giving the CPU 40 time to execute numerous com- 
mands. Therefore, the CPU 40 executes an endless 
loop (a "spin"), at 342, as it waits for the system power 
voltages generated by the power supply 17 to decline 
until the CPU 40 stops functioning. If the Suspend Rou- 
tine was entered due to an AC power disturbance AUX5 
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will then be powered off by the power supply 17 (or 34) 
as described above. 

As described above, when an AC power distur- 
bance occurs (brownout or blackout) or when the power 
supply 1 7 or the UPS 36 senses that it can no longer 
provide power to system 10 while the system is in the 
normal operating state 1 50 or the standby state 1 52, the 
PDI signal will be activated from the power supply 17 
(or alternatively, from the UPS 36). 

Referring to FIG. 7, in one embodiment of the 
present invention, the PDI signal will be supplied from 
power supply 17 (or UPS 36) to pin P3.7 of the micro- 
controller U2 and when the APM BIOS monitoring this 
pin detects that PDI is activated the BIOS will issue a 
suspend request to the operating system. The operating 
system will acknowledge the request and enter the Sus- 
pend Routine of Fig. 10 at 250. 

As an alternative embodiment, the microcontroller 
U2 can be programmed to generate an SMI 
(SMI_OUT#) to the CPU 40 when PDI on pin P3.7 is 
activated. Thereafter, the CPU 40 will execute the SMI 
interrupt handler routine shown in FIG. 11. The SMI rou- 
tine starts at 500 when the SMI is issued. The CPU 40 
then determines whether PDI is active at 502. If PDI is 
not active then the SMI routine continues normally at 
504. If PDI is active, then the YES branch is taken from 
decision block 502 to task 506 where the suspend rou- 
tine of FIG. 10 will be executed 

Either of the two embodiments will cause the entire 
state of the system 10 to be saved to the hard disk with- 
out any data loss. After the suspend is performed the 
microcontroller U2 will cause primary/regulation unit 
172 of the power supply 17 to stop providing regulated 
voltages at the ±5 VDC and ±12 VDC lines by changing 
ON to LOW. In addition, when ON is Low (ON# goes 
High) and power is being supplied from backup power 
in power supply 17, then circuitry within power supply 
17 will cause AUX5 to be removed. If UPS 36 is being 
used, then when ON goes Low (ON# goes High) and 
the UPS 36 is supplying power, then circuitry within the 
UPS 36 will cause AC Line-Out2 of the UPS 36 to drop 
thereby dropping ail power to power supply 34. Accord- 
ingly, AUX 5 will also be removed. Thus, after a PDI sus- 
pend is performed, power supply 17 or 34 will not be 
supplying power on any of the ±5V, ±12V and AUX5 
lines. AUX 5 is powered off to insure that system 10 sees 
the reset of the microcontroller U2 upon return of AC 
power (regardless of whether AC power returns before 
or after the stored power in power supply 17 or UPS 36 
is exhausted) to resume the system 10 from the sus- 
pend state to the normal operating state as described 
below. 

A suspend to disk can take about one half a second 
per megabyte of memory to be stored, in addition to the 
time required for BIOS or the OS to respond to the pres- 
ence of the PDI signal (approximately 5 seconds). As 
an example, a system with 64 megabytes (MB) of sys- 
tem RAM and 2MB of video RAM would require that the 



PDI signal be generated (activated) at least 
((64MB*0.5sec/MB) + (2MB*0.5sec/MB) + 5 sec) = 38 
seconds before power is no longer generated to system 
10. In other words, the power supply 1 7 or UPS 36 must 
5 have at least 38 seconds of backup power storage for 
such a system. Of course, it should be understood by 
those skilled in the art of the present invention that the 
system 10 should be designed such that the power sup- 
ply 1 7 or the UPS 36 can supply power to system 1 0 for 
10 a sufficient length of time after a power disturbance 
wherein the length of time is determined by the amount 
of memory to be stored. 

If after an AC power disturbance (brownout or 
blackout), AC power from the wall outlet returns while 
15 the system is in the suspend routine due to the activated 
PDI signal, the PDI signal will be removed (deactivated) 
and the system 10 will return to its normal operating 
state (resume) as described above with regard to FIG. 
10 tasks 983 and 982. 

If after the system 10 is in the suspend state due to 
an AC power disturbance, AC power at a predetermined 
level returns to the wall outlet (i.e., power disturbance 
no longer exists and AC power is supplied on AC Line 
In of power supply 17 or AC Line In 2 or UPS 36) either 
before or after the backup stored power within the power 
supply 17 or UPS 36 is exhausted (note that in either 
case ±5 VDC, ±1 2 VDC lines and AUX 5 are not being 
powered), the power supply 17 will then power up AUX 
5 and the microcontroller U2 will be reset. After the mi- 
crocontroller U2 is reset, it will set ON high (ON# low) 
and the power supply 1 7 or 34 will provide ±5 VDC and 
±1 2 VDC on its output(i.e., system power will be turned 
on). The system will then enter the boot up routine of 
FIG. 9. As noted above, since (1 ) the microcontroller U2 
was reset, (2) the DEFAULTJDN bit would have been 
set during the PDI suspend routine and (3) the Suspend 
Enable Flag would have been set during the suspend 
routine, execution would proceed in the bootup routine 
from task 380 ... to task 996 to task 998 to task 
1004 ... to task 422 where the system will resume to 
its normal operating state. Accordingly, upon return of 
AC power after a PDI suspend, the system would auto- 
matically resume from the suspend state to its normal 
operating state. 

The present invention includes several advantages. 
For example, the power supply 17 or the UPS 36 need 
only have sufficient backup power to allow the system 
10 to perform the suspend routine regardless of how 
long the AC power disturbance lasts. Since the cost of 
backup power is proportional to the amount of time a 
power supply can supply such backup power the cost 
of the power supply 17 or 32 (latter of which includes 
UPS 36) of the present invention is substantially lower 
than the cost of a power supply or UPS which can supply 
power for the duration of the AC power disturbance. In 
addition, computer systems having the latter power sup- 
ply or UPS suffer from the disadvantage that data will 
still be lost once the power supply's or UPS's stored 
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charge expires while in the system of the present inven- 
tion data is never lost since it is saved to the hard disk 
prior to the expiration of the backup power. 

Additional advantages and modifications will readily 
appear to those skilled in the art. For example, many of 5 
the tasks performed by the power management circuit 
106, such as hardware monitoring of one or more inter- 
rupts, can be buill into the system chipset. 



Claims 

1. A computer system capable of operating in at least 
two states of power management, namely a normal 
operating state in which code is executed normally 15 
by said computer system and a suspend state, the 
system comprising: 

(a) a CPU capable of executing said code; 

20 

(b) power management circuitry in circuit com- 
munication with said CPU for selectively chang- 
ing the state of said computer system between 
said normal operating state and said suspend 
state responsive to a control signal; 25 

(c) a power supply in circuit communication with 
said CPU and said power management circuit- 
ry comprising circuitry for selectively providing 
system power from an external source to said so 2. 
computer system responsive to said power 
management circuitry, characterized by having 

a first power supply state, a second power sup- 
ply state and a third power supply state and fur- 
ther characterized by having circuitry for pro- 35 
viding auxiliary power to said power manage- 
ment circuitry, said power supply further com- 3. 
prising circuitry for providing system power to 
said computer system and auxiliary power to 
said power management circuitry from an inter- 40 
nal source, said power supply being operative 
to generate said control signal to said power 
management circuitry when said system is in 
said normal operating state and said external 
source stops providing power at a predeter- 45 
mined level to said power supply, 

wherein said first power supply state is 
characterized by said power supply provid- 
ing system power to said computer system so 
from said external source and auxiliary 
power to said power management circuitry 4. 
from said external source, 

wherein said second power supply state is 55 
characterized by said power supply not 
providing system power to said computer 
system from said external source and said 



power supply providing auxiliary power to 
said power management circuitry from said 
external source, 

wherein said third power supply state is 
characterized by said power supply provid- 
ing system power to said computer system 
and auxiliary power to said power manage- 
ment circuitry from said internal source, 

wherein said normal operating state is 
characterized in that said power supply is 
in said first power supply state; and 

wherein said suspend state is character- 
ized by the code executing on the CPU be- 
ing reversibly interrupted such that the ex- 
ecution of the code on the CPU may be re- 
sumed after the power supply changes to 
said first power supply state, and 

said power management circuitry being 
characterized in that while in said normal 
operating state, responsive to said power 
supply activating said control signal, said 
power management circuitry causes said 
computer system to change to said sus- 
pend state. 

The computer system of claim 1, wherein respon- 
sive to said power supply activating said control sig- 
nal, said power management circuitry initiates a 
suspend routine which is performed by BIOS code 
to change the system from the normal operating 
state to the suspend state. 

The computer system of any preceding claim, 
wherein during said change from said normal oper- 
ating state to said suspend state said power supply 
is in the third power supply state and after said 
change the power management circuitry and cir- 
cuitry within said power supply causes said power 
supply to transition to a fourth power supply state 
wherein said fourth power supply state is character- 
ized by said power supply not providing system 
power to said computer system from said internal 
source or said external source and said power sup- 
ply not providing auxiliary to said power manage- 
ment circuitry from said internal source or said ex- 
ternal source. 

The computer system of claim 3, wherein respon- 
sive to return of said external source providing pow- 
er at said predetermined level to said power supply, 
said power supply is operative to transition from 
said fourth power supply state to said second powe r 
supply state, 

said power management circuitry is further charac- 
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terized by causing said power supply to transition 
from the second power supply state to the first pow- 
er supply state responsive to the power supply tran- 
sitioning from the fourth power supply state to the 
second power supply state. 

5. The computer system of claim 4, wherein after said 
power supply transitions to the firsl power supply 
state, said CPU is operative to execute code which 
will resume said system from said suspend state to 
the normal operating state. 

6. The computer system of any preceding claim, 
wherein said power supply is further characterized 
by causing said power supply to transition from said 
first power supply state to said third power supply 
state responsive to said external source not provid- 
ing power at said predetermined level. 

7. The computer system of any preceding claim, 
wherein said power supply includes a main power 
supply which includes the circuitry for selectively 
providing system power from an external source to 
said computer system and providing said auxiliary 
power to said power management circuitry from 
said external source and wherein said internal 
source is an uninterruptable power supply coupled 
to said main power supply and being operative to 
generate said control signal. 

8. The computer system of any preceding claim, 
wherein said power management circuitry compris- 
es a power management processor. 

9. The computer system of any preceding claim, fur- 
ther including: 



said power supply, and 

said power management circuitry being char- 
acterized in that while in said standby state, re- 
5 sponsive to said power supply activating said 

control signal, said power management circuit- 
ry causes said computer system to change to 
said suspend state. 

10 10. The computer system of any preceding claim, 
wherein said external source is an AC wall outlet 
and an AC brownout or blackout at said wall outlet 
causes said external source to stop providing power 
at said predetermined level to said power supply. 

75 

11. The computer system of any preceding claim, 
wherein responsive to said power supply activating 
said control signal, said power management circuit- 
ry is operative to interrupt the execution of code on 

20 the CPU by generating an SMI to the CPU allowing 
the CPU to transfer control to a suspend routine. 

12. A computer system capable of operating in at least 
two states of power management, namely "a normal 

25 operating state in which code is executed normally 
by said computer system and a suspend state in 
which execution of code by said computer system 
is interrupted, the system comprising: 

^0 (a) a CPU capable of executing said code; 

(b) a power management circuitry in circuit 
communication with said CPU for selectively 
changing the state of said computer system be- 
35 tween said normal operating state and said 

suspend state in response to a control signal; 
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a peripheral device in circuit communication 
with said CPU and said power management cir- 
cuitry and capable of operating in a selected 40 
one of a high electrical power usage state and 
a low electrical power usage state, said periph- 
eral device changing between said high and 
low electrical power usage state in response to 
said power management circuitry, 45 

said computer system is further capable of op- 
erating in a third state of power management, 
a standby state, said standby state being char- 
acterized in that said power supply is in said 50 
first power supply state and said peripheral de- 
vice is in said low electrical power usage state, 

said power supply is further operative to gen- 
erate said control signal to said power manage- 55 
ment circuitry when said system is in said 
standby state and said external source stops 
providing power at said predetermined level to 



(c) a power supply in circuit communication with 
said CPU and said power management circuit- 
ry comprising circuitry for selectively providing 
system power from an external source to said 
computer system responsive to said power 
management circuitry, characterized by having 
circuitry for providing auxiliary power to said 
power management circuitry, said power sup- 
ply further comprising circuitry for providing 
system power to said computer system and 
auxiliary power to said power management cir- 
cuitry from an internal source, said power sup- 
ply being operative to generate a control signal 
to said power management circuitry when said 
system is in said normal operating state and 
said external source stops providing power at 
a predetermined level to said power supply, 

(d) a non -volatile storage device in circuit com- 
munication with said CPU, 
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(e) a volatile memory in circuit communication 
with said CPU and tor storing memory data, 

(f) volatile registers in circuit communication 
with said CPU and tor storing register data 

said power management circuitry being 
characterized in that while in said normal 
operating state : responsive to said power 
supply activating said control signal, said 
power management circuitry causes said 
computer system to change to said sus- 
pend state, 

wherein said change from said normal op- 
erating state to said suspend state com- 
prises transferring the memory data from 
said volatile memory to said non-volatile 
storage device and transferring the register 
data from the volatile registers to said non- 
volatile storage device. 

13. The computer system of claim 12, wherein said 
power supply is further characterized by having a 
first power supply state, a second power supply 
state and a third power supply state, 

wherein said first power supply state is charac- 
terized by said power supply providing system 
power to said computer system from said ex- 
ternal source and auxiliary power to said power 
management circuitry from said external 
source, 

wherein said second power supply state is 
characterized by said power supply not provid- 
ing system power to said computer system from 
said external source and said power supply 
providing auxiliary power to said power man- 
agement circuitry from said external source, 

wherein said third power supply state is char- 
acterized by said power supply providing sys- 
tem power to said computer system and auxil- 
iary power to said power management circuitry 
from said internal source, 

1 4. The computer system of claim 1 3, wherein said nor- 
mal operating state is characterized in that said 
power supply is in said first power supply state; and 

wherein said suspend state is characterized 
by the code executing on the CPU being reversibly 
interrupted such that the execution of the code on 
the CPU may be resumed after the power supply 
changes to said first power supply state. 

1 5. The computer system of claim 1 3, wherein said nor- 
mal operating state is characterized in that said 



power supply is in said first power supply state; and 
wherein said suspend state is characterized 
by the register data and the memory data being 
stored on the non-volatile storage device. 

5 

16. The computer system of claim 13, wherein during 
said change from said normal operating state to 
said suspend stale said power supply is in the third 
power supply state and after said change the power 

10 management circuitry and circuitry within said pow- 
er supply causes said power supply to transition to 
a fourth powor supply state wherein said fourth 
power supply state is characterized by said power 
supply not providing system power to said computer 

15 system from said internal source or said external 
source and said power supply not providing auxil- 
iary lo said power management circuitry from said 
internal source or said external source. 

20 17. The computer system of claim 16. wherein respon- 
sive to return of said external source providing pow- 
er at said predetermined level to said power supply 
said power supply is operative to transition from 
said fourth power supply state to said second power 

25 supply stale. 

said power management circuitry is further 
characterized by causing said power supply to tran- 
sition from the second power supply state to the first 
power supply state responsive to the power supply 

30 transitioning from the fourth power supply state to 
the second power supply state. 

18. The computer system of claim 17, wherein after 
said power supply transitions to the first power sup- 
35 pry stale, said CPU is operative to execute code 
which will resume said system from said suspend 
state to the normal operating state. 
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1 9. The computer system of claim 1 2, further including: 

a peripheral device in circuit communication 
with said C PU and said power management cir- 
cuitry and capable of operating in a selected 
one of a high electrical power usage state and 
a low electrical power usage state, said periph- 
eral device changing between said high and 
low electrical power usage state in response to 
said power management circuitry, 

said computer system is further capable of op- 
erating in a third state of power management, 
a standby state, said standby state being char- 
acterized in that said power supply is in said 
first power supply state and said peripheral de- 
vice is in said low electrical power usage state, 

said power supply is further operative to gen- 
erate said control signal to said power manage- 
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ment circuitry when said system is in said 
standby state and said external source stops 
providing power at said predetermined level to 
said power supply, and 

5 

said power management circuitry being char- 
acterized in that while in said standby state, re- 
sponsive to said power supply activating said 
control signal said power management circuit- 
ry causes said computer system to change to 10 
said suspend state. 

20. The computer system of claim 12, wherein said 
power supply is further characterized by causing 
said power supply to transition from said first power 15 
supply state to said third power supply state respon- 
sive to said external source not providing power at 
said predetermined level. 

21. The computer system of claim 12, wherein said 20 
power supply includes a main power supply which 
includes the circuitry for selectively providing sys- 
tem power from an external source to said computer 
system and providing said auxiliary power to said 
power management circuitry from said external 25 
source and wherein said internal source is an unin- 
terruptable power supply coupled to said main pow- 
er supply and being operative to generate said con- 
trol signal. 

30 

22. The computer system of claim 12, wherein said 
non-volatile storage device comprises a fixed disk 
storage device. 

23. The computer system of claim 12, wherein said 35 
power management circuitry comprises a power 
management processor. 

24. The computer system of claim 12, wherein said ex- 
ternal source is an AC wall outlet and an AC 40 
brownout or blackout at said wall outlet causes said 
external source to stop providing power at said pre- 
determined level to said power supply. 

25. The computer system of claim 12, wherein respon- 45 
sive to said power supply activating said control sig- 
nal, said power management circuitry is operative 

to interrupt the execution of code on the CPU by 
generating an SMI to the CPU allowing the CPU to 
transfer control to a suspend routine. so 

26. The computer system of claim 12, wherein respon- 
sive to said power supply activating said control sig- 
nal, said power management circuitry initiates a 
suspend routine which is performed by BIOS code 55 
to change the system from the normal operating 
state to the suspend state. 
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